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Director's Report 

( 1st April 1972 to 31st March 1973 } 


OROANISAFION 

On th(; 31st March 1973, the Senior Staff 
consisted of : - 

Directorate : 

Director 

N. K. Jain, M,Se., A<,r. ( B.H.U. ), Ph.D. 

(Illinois) 

Administrative Finance C'ontroller 

j. ressier-Vandell, M.I.I.P.M., A.M.I.P.M., 

A.M.B.I.M. 

Accounts : 

Accounts OlTicer 

S. Ma/umdar. B.C^om. (Cal.), A.C.A. 

Maintenance : 

Station Fn<.»ineer 

C. B. Singh, A.M.I.S.F. 

Medical : 

Medical Oflicer 

Dr. (Major) S. \V. Rohman, M.B.B.S, 

Library & Publications Department : 

In -charge 

J. N. Sharma, M.A. (Can.) 

Soils & Meteoroloiiy Department : 

Soil Scientist 

S. K. Dey, B.Sc. (Cal.), Assoc. I.A.R.I. 

S('nior Scientihe Assistants 

(h Bhattachar\\a, B.Sc. (Cal.) 

A. K. Senguj)ta, B.Sc. (Cal.) 

Hot any Department : 

Senior Botanist 

D. N. Barua, B.Sc. (Cal.), Ph.D. (Cantab). 


Plant Physiologist 

W. Hadfield, B.Sc. lion. (Fivj. 

Plant Breeder 

H. P. Be/haruah, M.Sc., Ph.D ^(iau. ) 

Senior Scientific Assistants 
K. N. Dutta 

B. X. (iogoi, IfSc. ((ran.) 

Agriculture Department : 

Agronomist 

1’. Rahman. M.Sc., Ag. i Bihar . Ph D. 

(I.A.R.I.) 

Second .\gronomisi 

B. C. Phukan, B.Sc.. .\g. ('(iau.;, A.I.F.C. 

Manager. Borbhetta Experimental Estate 
H. .\. Sarma. B.Sc. (C’al.) 

pjitomology Department : 

Entomologist 

B. Banerjee, M.Sc. (Cal.), M.S. (S. lllin.), 
Ph.D. (London^, E'.A.Z., F.R.E.S. (I.ondon-. 

Senior Scientihe Assistant 

X. Sengupta, B.Sc. .\g. (Cal). 

MycologY Department : 

Mycologist 

G. Satyanarayana, B.Sc., Hon. (Andhra , 
Ph.D. (Mad.), F.B.S. 

Biochemistry Department : 

In-C'harge 

S. Chakraborty, M.Sc., Ph.D. (Cal.) 
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Tea Tasting Department : 
Tea Taster 

R. P. Basu 


Advisory OHiccr, Dooars & Terai 

B. C. Barbora, M.Sc. Ag. (l.A.R.I.) 

Advisory Ofbeer, Darjeeling 

S. K. Sarka»', B.Sc. (C'al.), B.Sc. Ag. (B.M.II.) 


'Phird Tea 'Paster 

A. K. Das, B.A. (Gau.^ 

S(‘('ond I’ca 'I’aster, West Bengal 
S. Sen, B.Se., (Cal.) 

Enginennnf Research & Developnnnl Department : 

S -nior Research Engineer 

1^. Barbora, B.St Mining (B.H.U.) 
M.Sc. Eng. (London), D.f.C., Af.l.Ag.E. 

Second Research Engineer 

P. C. Barua, B.Sc. Don.s. TJau.), B.Sc. 
Afech. Eng. (B.H.U. ), M.Sc. Mech. Eng. 

( Man.) 

Statistics Department : 

Statistician 

A. K. Biswas, M.Sc. (Gan.) 

Advisory Department : 

Chiel' Advisory Ohicer 

\V. J. (trice, M.A., Dip. Ag. (Cantal)) 

Senior Advisory OfPicer 

P. C. Sliarma, M.Sc., i B.ILU. ), Ph.D. 

( London ), E.L.S. 

Advisory OfPicer, Upper Assam 

W K. Ghosh, B.Sc., Ag. f Pal. ), Ph.D. 

( Cornell ), Assoc. l.A.R.I. 

Advisory Oflicer, Loiver Assam 

B. Barthakur, M.Sc. Ag. ((tan.) 

Advisory Officer, North Bank 
H. Mitra, B.Sc. (Cal.) 

Advisory Officer, Cachar 

J. Clhakravartee M.Sc. Ag. (Gau.) 

Advisory Officer, West Bengal 

S. Basu, B.Sc. Ag. (Delhi), Assoc. l.A.R.I. 


SENIOR SPAEE MAPPERS 

(a) Appointment 

Dr. N. K. Jain, Deputy Director appointed as 
Director ol' the Station on 1st October, 1972. Mr. 
J. Pessier-Yandcll was transferred as the admini- 
strative A: Idnance Controller ol’ the Station with 
( IFect from 29th September, 1972. Mr. B. C. Phukan 
joined as Second Agronomist frr)m 1st August, 1972. 

(1)! Retirement 

Mr. S. K. Dutta lelt I’ocklai on 1st October, 
1972 for leave |)r(g)arafory to rt'tirernent. 

Mr. M. K. Choudhuri Icl't the Station on 29th 
Sej3t(‘mber 1972 on transfer as Secretary, SA^ B.l.'P.A. 

PRAIXEE 

In addition to four (fS.I.R. Junior R(\searcli 
I'ellows working in the Station, two batches of nine 
and (‘igJit employees respi'Ctively from Member 
estates completed three months training in Vege- 
tative Propagation. 

LEC rURE COURSES 

riie following lecture courses were held during 
the yea!' ; 

1. Agricultural Chemicals Course (1972) 

1st Course from 11.9. 72 to LL 9. 72 -26 planters 
attended. 

2nd Course from 18. 9.72 to 20. 9. 72 33 plan- 

ters attended. 

2. Surveying and Drainage Course (1972) lor 

Govt. Approved Estate surveyors from 20.11.72 
to 22. 11. 72 —10 people attended. 
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Surveying and Drainage Course for Planters 

1st Course from 27. 11. 72 to 1. 12. 72 — 23 
planters attended. 

2nd Course from 4. 12. 72 to B. 12. 72 — 20 plant- 
ers attended. 

3rd Course from 11. 12. 72 to 15. 12. 72 — 26 
planters attended. 

VISITORS 

Some ol the visitors in addition to local planters 
are listed below : - 

Aluned Moradi Haghgo and AM Imainpour — 
Lahijan Tea Organisation, Iran. 

M. K. Mnkherjee Joint Secretary, Ministry of 
Agriculture, New Delhi. 

K. Kuramolo Unico International (a^p., Tokyo, 
Jai^an. 

Judilh bvan'Non Ri\cr forest, Illinois, U.S..\. 
Sir 1 erence (iarvey -British High Commissioner 
in India and Lady Carvey 

1'. Stephen Miles British Deputy High Commi- 
ssi'iner, Calcutta. 

H. f'cMguson JauK's f'inhu <8: (’<)., (ihvsgow. 

David IL Banu's -.\nsul, Michigan, U.S..\. 

M. S. Swaminathan -Director (ieneral, I.CCA.K., 
Xew Delhi. 

R. j. Isherwood, Cynamid International, Hongkong. 
William C.. Von Meyer Rohm »S: Has (k)., U.S.A. 
R. H. S. f’ennell World Bank -Washington, D.Ck 
20015, U.S.A. 

'r. B. How African Highland Ihoduce Co., Ltd., 
Kcu’icho, Kenya. 

Rovert Lvenson Economic (irowth, Yale Univer- 
sity, U. S. A. 

V. A. .Mtekar -Director, National Metallurgical 
Laboratory, J amshedpur- 7 . 

A. Singh, -Director, C.cnlral Electronics Engineer- 
ing Research Institute, Pilani, Rajasthan. 

P. K. Jena -Director, Regional Research Labora- 
tory, Bhubaties war-4. 

A. R. Verma, -Director, National Physical Labor- 
atory, New 15elhi-12. 


S. R. Valluri — Director, National Aeronautical 
Laboratory, Bangalore- 17. 

Hari Narain — Director, National Geophysical 
Research Institute, Hyderabad- 7. 

H. V. K. Udupa — Director, Central Electro-Chemi- 
cal Research Institute, Karaikudi-3. 

K. Ray— C.S.I.R., New Delhi. 

Dinesh Mohan — Director, Central Building Re- 
search Institute, Roorkec, U.P. 

Bh. Subbaraju Director, Central Road Research 
Institute, New Delhi-2(). 

B. L. Amla Scientist In-charge, Central Food 
Technological Re.search Institute, My.sore-2. 

S. H. Zaidi — Director, Industrial 'Toxicology Re- 
search Centre, Lucknow. 

N. K. Panikkar Director, National Institute of 
Oceanography, Panaji, Goa. 

G. S. Rarnaswamy— Director, Structural Engi- 

neering Re.search Ck'ntrc, Madras. 

Joseph George — ^Director, Indian Plywood Industries 
R('search Institute, BangaIore-22. 

A. !•'. \u Krishnan -Jt, Secretary, .\Jinistry of 
finance, (io\ crnment of India, 

K. Sreenivasan -Director, South India Jextilc 
Res(‘arc.h .Association. Ck)imbatore-14. 

T. Radhakrishnan Director, Indian Jute Industries’ 
Research .Association, Calcutta-53. 

H. C. VisvesN araya Director, Cement Research 
Institute of India, New Delhi-49. 

S. Parthasarihv Scientisi-in-charge, Indian National 
Scientilic Documentation Centre, New Delhi-12. 

A'. R. C’-hadlia -Publication and Information 
Directorate, .New I)('llii-12. 

S. K. Mangal Gcntral Scientilic Instruments 
Organisation, C.liandigarh-2t). 

K. C. Krishnamurthi -Secretary, Ck)uncil of Scienti- 
fic and Industrial Research, N(‘w Delhi. 

G. J. Mohanrao - Scientist In-('hargc C^cntral 
Public Health Engineering Research Institute, 
Nagpur. 

G, V. S. Ratnani— Managing Director, National 
Research Development Council. 

K. P. Tripathi -Former Minister of Industries, 
Assam. 

C. K. Atal — Scientist In-charge, Regional Research 
Laboratory, Ck\nal Road, Jammu. 
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B. C. Raychaudhuri- -Central Mechanical Engi- 
neering Research Institute, Durgapur-9. 

R. V.Sitholey — Scientist Incharge, National Botanic 
Gardens, Lucknow. 

R. M. Chakrabarti— Director, Indian Institute of 
Experimental Medicine, Calcutta-32. 

S. C. Dutta — Scientist in-charge Central Indian 
Medicinal Plants Organisation, Lucknow. 

K. D. Sharma Director, Central (ilass 8c Ceramic 
Research Institute, Calcutta-32. 

D. J. Melita ^Director, C'entral Salt and Marine 
Researeli Institute, Bhavnagar-32. 

N. Ramanathan — Scientist In-charge Central Lea- 
ther Research Institute, Madras-20. 

M. G. Krishnan -Director, Indian Institute of 
Petroleum, Dchra Dun. 

D. 'Pilak— Director, National Chemical Laboratory, 
Poona-8. 

R. P. Sinha— Joint Secretary, Industries Department, 
Govt, of Meghalaya. 

H. P. Gupia -OfHcer-in-Charge, Industrial I'inance 
Corporation of India, Gauhati. 

B.B.Lyngdoh — -Minister Govt, of Meghalaya, Shillong. 
W.I.T. de C. Wheeler Deputy Chairman, Indian 
Tea Association, London and Director, Macneill 8c 
Barry Ltd. 


J. C. Bakshi — -Assoc. Director Research, Punjab 
Agricultural University Ludhiana. 

S. K. Murthy — 1. C. A. R., New Delhi. 

G. L. Sharma- -Principal cum-Joint Director, Indian 
Veterinary Research Institute, Bhatnagar, U. P. 

S. H. Davies —London Scientific Committee Mem- 
ber and Director, Octavius Steel & Co., Ltd. 

S. Ananlhnarayan — Indian Plywood Indu.stries 

Research Institute, Bangalore 

V. J. Victor —Indian Plywood Industries Research 
Institute, Bangalore 

C. G. Pickford — Member London Scientific Commi- 
ttee of 'Tea Research Association and Eastern 
Produce ( Holdings } Ltd., London. 

D. P. Motiramani Director of Research Jawa- 
harlal Nehru Agricultural University, Jabalpur. 

W. I'eldhem Prof. Insl. of Human Nutrition, 
Giesseri, Geimany, 

(f Gordon-Smith -Dirc^ctor, Moran Pea C<o., Ltd., 
London. 

Sir Patrick Shaw - -Australian High Commissioner, 
New Delhi and Lady Shaw. 

B. Zlataric —Commodities Division, FAO, Rome. 
Daijil Singh — Director, ( Hort ) .Ministry of 
Agriculture, K,rishi Bhavan, New Delhi. 



Advisory Department 


GENERAL 

During the year under review the Advisory 
Departments in Assam and West Bengal were com- 
bined into one Department to ensure unified advisory 
policies and planning and execution of experiments. 
Mr. W. J. Grice was transferred from West Bengal 
to d’oeklai and Mr. B. C’. Barbora from I’ocklai to 
the Dooars. Mr. S. K. Sarkar was relieved of 
his responsibility for derai in order to pay more 
attention to Darjeeling plantations. 

I'he reorganisation was completed towards the 
end of 1972 audit already appears that the change 
has resulted in an overall improvement in our ser- 
vices for there has been a substantial increase in 
number of visits made to tea estates. 

At each outstatioii plots are maintained from 
where cuttings and scions of 'I’ocklai release clones 
are distributed to members. Some trials are also 
carried out in these plots. Also miniature factories 
are operating in the Dooars at Nagrakata and in 
Darjeeling at the CHonal Proving Station. Mr. S. 
Sen, Second Tea "Paster, was transferred to the 
Dooars at the end of the period under review. 

Visits 

Advisory Ollicers who concentrate on touring 
made every effort to offer their services to every 
Member estate at least twice a year. 'Phe table 
below’ gives the breakdown ol the visits made in 
each district. 


District 

No. of 
visits 

No. of Member 
estates visited 

No. of Member 
estates in the 
district 

.South Bank 

270(210) 

170(132) 

243(245) 

Nurilt Hank 

199(202) 

77( 75) 

83( 80) 

(lachar 

88( 85) 

31( 31) 

35( 36) 

Dooars 

101(102) 

08( 77) 

82 ( 92) 

IVrai 

43( 37) 

20( 17) 

20( 18) 

Darjeeling 

including 

Sikini 

90( 82) 

40( 41) 

50( 47) 

'lotal 

857(778) 

412(373) 

513(524) 


Figures in brackets arc for 1971/72. 


There were about 80 more visits made in the 
year under review than in the previous year. The 
district where the major improvement occurred was 
the South Bank : there were also minor increases 
in Darjeeling and the Terai. 

A very satisfactory trend is that some 40 more 
Members made use of our services as compared 
to the previous year, in spite of a slight reduction 
in overall membership. An unsatisfactory situation 
can be seen on the South Bank where only 170 
members out of a total of 243 made use of our .ser- 
vices. It is anticipated, however, that the reorga- 
nisation and the change in the system of informing 
members of Advisory Oflicei's’ programmes will 
bring about an improvement in this respect. 

In addition to the visits detailed above, advisory 
otPicers paid a total of 43 visits to experiments in 
West Bengal and the Clonal Proving Station in 
Darjeeling. 

Apart from routine visits, a greater interest has 
been shown in group meetings. The open discussions 
that are arranged to coincide with Area Scientific 
Committee meetings were generally well attended 
and the introduction of seminars was also widely 
welcomed and were well supported. 

Crop and Weather 

In all districts the 1972 season started off well 
mainly due to the well distributed rainfall in the 
early part of the season. In Assam and Darjeeling, 
heavy rain during May and June resulted in a poor 
second flush and in many areas in the Dooars, 
Terai and Cachar, the promise of a good start was 
shattered by severe, unprecedented and widespread 
hailstorms which continued until mid May. The 
damage to one estate in the Perai was so severe 
that not a single leaf could be found on any tea 
bush anywhere on the estate and very few shade 
trees were left undamaged. However, 1972 was 
generally a good year and most estates finished 
the season ahead in crop. 


( 5 ) 



I'OCKI.AI KXI’I'RIMEM AI. S'l ATION 



TV. I bushes under pegging and low tipping 
at 9th months from planting In an 
Upper Assam Estate. 

In all districts tlu' monsoon finished early and 
rainfall over the period October to Marcli was well 
below normal, with the possible (‘xceplion ol the 
Uppe-r Assam area. Ihis has icsnlted in severe 
dront^lu conditions in dronglu prone areas. The 
western areas on both North and South Hank*^ in 
Assam also sufi’ered and, tlierelbre, the 1973 season 
has not got of!’ to a good start. 

ADVISORY AND EXTENSION 

The principal yjoints arising lioin advisoiy work 
are discussed brielly below : 

1. Soil management 

a) Land Planning & Drainage 

Due to the increasing awareness amongst our 
Members in all areas on the importance «)!' land 
planning and drainage, a great deal of Advisory 
OOicers' time has been spent on helping estates 
over this important topic. It is, therefore, necessary 
to report individually the main problems faced in 
the different areas. 

However, it may be mentioned that one of tlie 
fact )rs common to matiy areas in Itolding back 
planting according to topography is the paucity 
of trained surveyors in sonic districts -Clachar being 
the area that suflers most in this respect. 


(i) South Bank : A certain amount of' land 
planning and topographical planting has been done, 
but the si/e and sliaaie of main drains and 
outlet problems were the chief topics f()r advic(‘. 
Where improvements in main drains were put into 
practice, immediate improvements were* seen 

fiij North Bank : Several estate's have 

accurately translated the topograpliical plan in 
the field with great Miceess. Estates on (he Xoilh 
Hank are fortunate for they ha\’e good sur\ ( yors at 
hand. Ihwvever, a mistake has been made by 
sexeral estates in allowing the! surveyors to make' 
the drainage j)lan. I'his, as had be'en pointe'd out, 
is not the sniAcyoi's job. 'The' responsibility for 
planning drainage falls firmly on the manager's 
shouleh'rs. 



A mature tea section in Upper Assam under step-up 
plucking (10 cm I 10 cm) during light pruning year. 

A new plucking table is formed after step-up 
plucking during end July / early August. 

liiij Gachar : (. lontour planting is not new in 
(laehar and all tee!a aie-as aie jdanted on the* con- 
tour. Howeve-r, the eontom drains are marly always 
blind and this h'ads to sf)il erosion in times of heavy 
rainfall due to the blind drains filling up and ove-r- 
flowing. Continual advice has been given to have 
shallow eolle'ctor drains running down the natural 
depressions on tee-las, with graded e'ontour drains 
feeding into them. 
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Mats pose a very different problem and emphasis 
has been given on having deep perimeter drains 
at the base ol’ l(‘elas to cheek seepage water and 
also to explore the possibility ol’ better outlets. One 
thing is certain that no amount of field drairjing in 
a waterlogged Hat will improve the situation until 
a better outlall is found. 

(iv; Dooars & Terai : Quite a number of 
estates in the Dooars have been replanting and 
extending areas using modern methods of land 
planning. We would, however, like to see more 
estates adopting these methods as a matter of routine, 
and wi- have assured all interested estates our help 
and co-op(‘ialion in this matter. It is heartening 
to leport that Ibr th(‘ first time in the I’erai one 
estate has started planting on the basis of a catch- 
ment |)lan. 

We hav(‘ (‘inphasisi'd that the object of catch- 
ment planning and contour drainage has not only 
to dis|)ose of excess wat(‘r during monsoon months 
but also to help in conseiving water for the subse- 
cpient dry period. Thus lor Dooars atid 1 erai, where 
drought in the cold weather is the rule rather than 
an exception, a well laid-out diainage system will 
be of l)enelit. 



Recovery after rejuvenation pruning at 45 cm 
from the ground in an Upper Assam Estate. 


'Fhe importance of the main drain si/e being 
in accordance with the catchment an-a, soil type 
and lainfall, has been emphasised during visits to 
estate, where cuKeiis and l)ridges, which were not 
of adeepjate size to cope with the amount of drainage 
water, were washed away during the heavy lain 
in July 1972. 

( V) Darjeeling : Due to the completely dilfer- 
ent topogiaphy in Darjeeling, topographical plan- 
ning lor th(“ purpose cA water and stiil conservation 
is essential and advice on this has been givr*n on a 
numix'r of occasions. 

(b) Mulching 

Inspite of the problems associated with large 
scale mulching of young tea areas, our advice in this 
direction has been followed by the mori‘ progiissive 
estates with good results. It has been stressed by us 
that mulching is essential for cjuick establishment 
of young tea, especially in drought-prone area. 
It is often not realised tlial from the point of view of 
moisture conser\ alion, the tinu' of mulching is most 
important. We have had to point (Hit on many 
occasions that mulching must lie completed when 
the soil profile is still fully moist which is usually 
l)y the (Mid ol ()ctol)er. 

We continue to advise estates to grow mulching 
materials in waste lands and this advice is catching 
on slowly. ( itronella grass is becoming popular 
but the yield of mulch is nothing like as high as 
that from (jiiatemala or Ihisa (iiant Hybrid Napier. 
Mimosa invi.sa is commonly used on the North Bank. 

(c; Cultivation and Weed Control 

I'he use ol herbicides is bi'coming more and more 
popular in all areas and many estates have again 
exiiiuh'd the area under chemical weed control 
and >ome estates are now 100'\, on w ("('dicides. 
This, however, is not common, but instaiues when 
of the area an* under weedicidt's is becoming 
more and more common. Estates who are lagging 
behind are being jxMsuadcd to intensify their chemi- 
cal wec'd control programme, and it is a pleasure 
to report that the idea is gaining popularity in all 
tea areas (^f .North F.ast India. 


i’ocKLAi Experimental Station 


Gramoxonc is the most comnioiily used herbicide 
and many estates have had a set back to their weedi- 
cide programme due to its shortage. This has re- 
sulted in estates trying out more dilute solutions 
than recommended, which have worked to some 
extent but regrowth has been quicker. More olten 
than not cocktails were employed U'ing (Jramoxone, 
2,4-D, Dalapon and Karmex, di‘|)cnding <)i> the 
weed flora. Mikania has been largely brought under 
control due to its extreme susceptibility to 2,4-D. 

(dicrnical weed control had a side effect, fn 
areas where herbicides have been applied loi' several 
years, resistant weeds like Polygonum chinense or Poly- 
gonum perfolialum were becoming a problem. At 
present there are no herbicides that successfully 
kill these w eds: so removal by hand has Uwn 
advised. 


■1 



Manager Serispore and Soil Scientist discuss soil 
erosion problems. ( Note drain full of silt ) 


Because of the difhculties in spraying during 
the heavy rainfall period from the middle of June 
to the middle of September wc have repeatedly 


advised estates in Darjeeling and heavy rainfall 
areas to complete one or two rounds of spraying 
between April and the middle of June. VVe have also 
emphasised the need for spraying in autumn in 
order to prevent weeds competing (or moisture 
during the cold weather as well. 

2. Pruning and Plucking 

(a) Pruning Cycles 

rhe most common priming cycle in all plains 
areas is a three-year cycle of prune-deep skifr-medium 
or light skiff. However, there is a tendency for prun- 
ing cycles to become longer with the result that a 
higher percentage of the lighter forms of skiff are 
introduced. It has been pointed out that this is 
likely to result in a drop in quality, lead to plucking 
problems early in the year and expose tea to the 
rigors of droughts. 

It is possible that the change to 4 and 5-year 
cycles from a 3-ycar cycle is a direct result of the 
good yield obtained in 1972 from the unpruned 
and light skiffed areas which must be attributed 
to the good early rainfall in 1972. As has been men- 
tioned earlier in this report, the start of 1973 was 
highlighted by a drought in most areas which re- 
sulted in the early yields from unpruned and light 
skiff teas being very much less than was anticipated. 

VVe have continued to stress the fact that no one 
cych* will meet all the requirements, 'fherefori*, 
the limitations must b(‘ taken into consideration 
when deciding on a pruning cycle. 

In Darjeeling our advice has been that pruning 
cycles should be so adjusted as to get the maximum 
first and second flush crop. However, it has been 
stressed that the availability of labour during the 
peak season must be borne in mind when deciding 
on a cycle. 

(b) Plucking 

Many estates suffer considerable crop loss due 
to undue rise in the plucking table. This is more 
so when tea is left unpruned or givT*n lighter forms 
of skiff. 
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Contour drains on a Cachar teela full of silt 
after heavy rain. Soil erosion is severe. 


Wc have had also lo remind some estates that 
change in plucking standards from say, ‘coarse’ to 
‘standard’ or ‘medium’ can result in a significant 
loss in crop. It is really a matter of economics to 
decide whether better quality of leaf resulting from 
‘standard’ or ‘medium’ plucking is a sufficient 
compensation for the loss in crop. Obviously this 
would vary from district to district and depending 
on the market conditions from year to year. 

Step-up plucking in mature tea has been tried 
to a large extent in Assam and the Dooars and to a 
certain extent in Cachar, the d'erai and Darjeeling, 
with generally satisfactory results. It has also been 
tried in all areas on medium pruned, cut-back and 
heavy pruned tea and the results have been encou- 
raging. It has been our advice that step-up pluck- 
ing in mature tea should only be tried in areas not 
prone to di'ought. Further-more, to get maximum 
benelit, the bushes should be healthy and also not 
too high. 

(c) Rejuvenation 

Many estates in all districts have made a start 
with rejuvenation of old tea and this has been one 
of the most common topics for discussion during 
advisory visits. Fhe concept of rejuvenation has 
been generally accepted in Assam and the Dooars: 
the C’achar and Terai districts, however, have been 
slow to take up this practice. 


It had been made clear that rejuvenation is not 
a substitute for uprooting and replanting but supple- 
mentary to it. It should be taken as one of the tools 
to improve the existing teas whose yield is being 
constrained by vacancies, poor drainage, inadequate 
shade, old age etc. We have pointed out that to get 
the maximum return from rejuvenation, intensive 
infilling and improvement in shade, drainage etc. 
are essential. 

(d) Young Tea 

The step-up system or low tipping method of 
bringing young tea into production has been follo- 
wed in all areas. One big drawback observed in 
this system is a lack of proper frame development: 
the frame is rather high. With the advent of closer 
spacing a low frame meets the essential requirement 
of ground cover and gives more flexibility in a prun- 
ing cycle. We are now advising a modified step-up 
system where a frame forming prune at a low level 
is introduced 12 to 18 months after decentering. 
We have stressed the importance of establishing 
a permanent frame early in the life of young lea 
and that it is definitely a wrong policy to sacrifice 
permanent frame establishment at the expense of 
crop in the first 2-3 years. 

3. Planting 
(a) Infilling 

Infilling is becoming almost routine in all areas, 
but very little progress has, in general, been made 
in Cachar, the Terai and Darjeeling. However, 
one estate in Darjeeling has infilled by the “seed 
at stake’ method with gotxl success. This is of course 
possible only where the young seedlings can be 
properly looked after. The crop increase obtained 
in an experiment on infilling is very encouraging 
and indicates how infilling can be used to bring 
about crop increase. 

We are frequently asked to advise on the treat- 
ment of infills and we stress that the aim should 
be to treat the young plants so that they produce 
leaf quickly. Frequent low prunes in an attempt to 
make a spreading bush is a waste of time as the 
infills are smothered out due to competition from 
the surrounding mature bushes. 
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Cleft grafting, Makaibari T. E., Darjeeling, 


(b) Extension 

Although extension planting is most desirable, 
we have had to point out on a number ol' occasions 
that it is not economical to extend on land that is 
not suitable both physically and chemically and 
such land is better utilized for growing mulching 
crops or for fuel tree plantations. 

(c) Replanting 

'Eca Board Statistics indicate that the pace of 
replanting is far below that desirable. We have 
had to point out on a number of occasions that there 
is no substitute for replanting and estates will have 
to continue uprooting and replanting on a routine 
measures for their survival and improvement. 

4. Propagation 

(a) Seed 

We have recommended the use of only hardy 
stocks for planting when seed is being used. Stock 
203 is very much in demand and in fact demand 
has surpassed supply. Several estates have started 
establishing seed baris of Stocks 449 and 450. 

(b) Vegetative propagation 

An increased activity on vegetative propagation 
has been recorded in all districts. In our advice on 
suitable clones for the plains, preference has been 
given to TV 1, TV 12, TV 14, TV 16, TV 17 and 
TV 18, all of which have shown drought resistant 
properties, TV 10 and TV 11 are good clones but 


should be planted where droughts are not common. 
It should be noted that TV 9 which has been by far 
the most popular clone in nearly all districts has not 
been included in the list because its performance 
in droughty areas has not been very encouraging. 
We now recommend that it should now be phased 
out. 

rhe Tea Research Association has given interim 
certificates to three clones for use in Darjeeling 
following comprehensive trials at the Clonal Proving 
Station, Oing, but it is noted with concern that the 
demand for these clones has not been as much as 
was expected. 

5. Fertilizers 

(a) Nitrogen 

Th(! nitrogen levels applied in dilTerent tea areas 
more or less confornu d to our standard recommend- 
ation. But split application, which is not recommend- 
ed by us, continued to be popular with many 
estates, foliar application of urea in mature tea 
is now an established practice. .\ few’ (‘states sprayed 
urea from the middle of September to the middle 
of November in pruned and deep skiH'ed sections 
and they claimed that it has boosted up the back 
end crop. We have stressed that foliar application 
of fertilizers is likely to be beneficial when nutrient 
uptake from the soil is limited by drought or water- 
logging. Ground application of urea as an alter- 
native to sulphate of ammonia has also been common. 
Many estates had to apply fertilizers late due to a 
shortage at the start of the season. 

(b) Potash 

In all areas of Assam, application of potash has 
usually been based on soil test reports and response 
from potash has been reported from most areas. 
In Bengal the experiments have indicated no benefit 
in terms of crop by applying potash at levels higher 
than the recommendations given in T. E. Serial 
No. 176, filed under D. I. and an Advisory Leaflet 
to this eflect was published in September 1972. 
In spite of this a number of estates have been 
applying high levels of potash as a routine practice. 
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Frame of a 4 year old bush brought up by low tipping method. 


(c) Zinc 

Many estates adopted foliar application of zinc 
as Zinc sulphate at rates varying between 15 to 
25 kg/ha. The response quoted has been variable. 
We have advised the use of zinc in replanted 
areas during the skiffed years, provided that 
response has been observed in test plots. 

6. Shade 

(a) Temporary 

Advice on planting out of Indigojera teysmanii 
at closer spacings of 1.5 2.5 in in extensions and 

replanted areas in preference to green cropping 
continued. In unshaded mature sections this species 
was planted at an initial spacing of 3 m with the 
object of removing alternate plants whenever requi- 
red. Closer spacing provides quick shade in such 
areas. It was emphasised that wherever this tem- 
porary shade was used, proper lopping or thinning 


out must be done, otherwise it could have a dele- 
terious effect on tea due to overshading and compe- 
tition for moisture in drought prone areas. 

(b) Permanent 

Fhe necessity of maintaining the proper shade 
status so that it is neither too heavy nor too light 
was emphasised. It had also been explained that 
the need of shade is variable depending on climatic 
condition, elevation, kind of tea, soil etc. It was 
further stressed that proper care against pests and 
diseases, particularly of young plants, both in the 
nursery and in the field ensures a good stand of shade 
trees. 

Some estates in Upper Assam and on the North 
Bank have completely removed shade. Fhe long 
term effects have yet to be seen. 


( 11 ) 


I’OCKF.AI I^XPERIMF.NI'AL STATION 


In heavily shaded areas vve have recommended 
the lopping of lower branches rather than the re- 
moval of trees for the latter operation results in 
extensive damage to the tea bushes. 

7. Pests 8c Diseases 

(a) Pests & Disease Bulletins 

These continued to be issued at regular intervals 
in all districts and reports suggest that they continue 
to be popular. 

(b) Mites 

Reports indicated that red spider attack in the 
year under review declined in the North Bank, 
Dooars and lerai districts, whereas it continued 
to be a major pest in all other areas. The incidence 
of other mites were never very serious excepi for 
some cases of purple mite on the North Bank and 
scarlet mite in Cachar, Dooars and I’crai. Darjee- 
ling had its usual attack of red spider and scarlet 
mite particularly on estates where control measures 
are pooi-. 

(c) Other pests 

Incidence oi' looper caterpillar was reported 
from areas like I’e/pur and Borsola in North Bank, 
Dooars and Upper Assam, Red slug incidence 
increased in some areas of the North Bank and 
Eastern Dooars. llelopeltis was cpiite severe in 
April and again in September in the plains areas 
ol West Bengal. Jassids and thrips were serious in 
Darjeeling and some plains estates in all districts. 

Uockchaler appeared for the first time on the 
North Bank and was serious in some areas in parti- 
cular in the I’ezpur circle. This pest was again 
serious in some estates in the Dooars and berai 
and appears to be on the increase. 

(d; Diseases 

rhere was a severe incidence of blister blight 
in most estates in Upper Assam during the 1972 
spring period. This look many managers by surprise 
and control was hampered by the fact that there 
was a temporary shortage of copper fungicides. 


As usual red rust was severe in young tea areas. 
The damage caused by this disease is not often 
appreciated with the result that control measures 
arc neglected. 

Routine advices on steps to take to control black 
rot were given whenever the occ ision arose. 

8. Agricultural Machinery 

Complaints still continued to pour in on the 
inedicicncy ol the indigenf)usly manufactured power 
Sprayers, .\spce Bolo, Autoblo, Jawan, Turblo and 
Micronetle are the common ones being used and 
most of them are fitted with the Villiers engine. 
During discus.sions Member estates have been 
advised to follow the recommendations on the main- 
tenance of these sprayers and those who could strictly 
adhere to these, obtained belter results. However, 
the fact remains that there is still room for improve- 
ment. 

.\spec Back Pak is the most popular sprayer 
for herbicide application. Estates appeared to be 
satisfied with its performance — maintenance is also 
easy for spare parts are readily obtainable but our 
experience at *Borbhetta is that the plastic piston 
and cylinder barrel get corroded quickly particularly 
if wettable powders are used along with Grarnox()nc. 

ADVISORY PLOTS AND EXPERIMENTS 
Out-Stations Plots 

1. General : Plots are maintained at all out- 
station : North Bank at I’hakurbari, (!achar at 
Silcooric, West Bengal at Nagrakata and the Clonal 
Proving Station in Darjeeling. Except for the Proving 
Station in Darjeeling, most of the work is aimed at 
growing multiplication plots of 'Eocklai release 
clones for distribution to Member estates. This 
work is reported in a little more detail below'. In 
addition, ad hoc trials and observations of different 
management practices are undertaken as and when 
possible. The extent of these is already largely deter- 
mined by the resouices available. A brief report 
on this work is given below. 
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2. Release of Tocklai Clones 

The responsibility for release in all areas has 
been taken over by the Advisory Department with 
effect from 1st January 1973. In the 1972 season 
advisory released clonal material from three centres 
viz. North Bank, Cachar and Dooars. 

(a) North Bank : Just over 1,35,000 cuttings 
and 45 scions of Tocklai vegetative clones were 
released to Member estates on the North Bank from 
the North Bank Advisory headquarters at 4'hakur- 
bari. 

(b) Cachar : Nearly 2,62,000 cuttings and 
15 scions of Tocklai vegetative clones were 
released to Member estates in Cachar from the 
Ca har Advisory branch at Silcoorie. 

(c) Dooars 8 l Tcrai : Nearly 4,21,000 cutt- 
ings and 1,700 scions of 'Tocklai vegetative clones 
were released to Member estates in West Bengal 
from the Nagrakata headquarters. This registers 
a big increase in the number of cuttings over the 
previous year but there is a dec line in the number 
of scions distribution. In addition 7,800 cuttings 
and just over 1,600 scions of the two generative clones 
that make up the biclonal stocks 449 and 450, were 
released. 

3. Experiments 

(a) North Bank (Thakurbari^ 

fust over 2000 kg of green leaf was harvested 
in the year under r(‘view and single plot yield (rials 
were* laid out with 7 1 ocklai iclease clones. 

(b) Cachar (Silcoorie) 

Nearly 2600 kg of green leaf was liarvested in (he 
year under review as against 1700 the year before. 

A number of look-see plucking and skilling trials 
were laid out in the plots, the results of which will 
l)e known at the end ot 1973. 

In addition, 4 clones that may be released in 
future have been established. 

(c) Dooars (Nagrakata) 

(i) General : The rainlall in early 1972 
was well distributed and above average. 


However, there has again been a severe 
drought during the 1972/73 cold weather 
which has caused a lot of die back and 
some deaths in the plots. This has given us 
yet another opportunity of assessing and 
cen firming the drought resistant properties 
of a wide range of clones planted in our 
plots. Unpruned teas, as expected, have 
suffered more severely than deep skilled 
and pruned teas. The clonal multipli- 
cation plots which were pruned in the 
middle of November have withstood the 
drought fairly well, but wilting and 
shedding of leaves were noticed on some 
clones, including TV 19. It was interest- 
ing to note that the heavily mulched 
young tea which was centered in October 
withstood drought satisfactorily although 
it had plenty of foliage during the height 
of drought. 

'The severe damage done to tea by 
drought and hailstroin in 1970-71 was 
reported last year. The tea in the plo’.s 
being young and healthy made a remar- 
kable recovery in 1972 and it was found 
that on the majority of bushes the lesions 
caused by hail had callused over 
well. 

Green leaf harvested in the year 
under revie^^’ was just over 19,000 kg as 
compared to nearly 20,000 kg the pre- 
vious year. The decrease was due to the 
fact that a number ol' plots were rested 
and some plots of the discarded clones 
were uprooted. 

(ii) Agricultural Trial 1967/63 : This was 
planted in 1967/68 with the object of 
comparing the growtii, yield and reaction 
to Dooars conditions of 15 Tocklai re- 
lease clones, 2 clones from Mai against 
a seed standard of Stock 203. Five clones 
have been discarded in view of theii' 
poor drought resistance. These arc : TV 
2, TV 6, rV 13, TV 15 and one Mai 
clone .\/19/X. 
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Observ ations on method of treatment of 
young tea in the establishment period 
are also being made in these plots. 

(iii) Observation Plots : Not one clone is 

an obvious success but as far as cup 
characters of the clones are concerned, 
there is still an element of doubt and, 
therefore, it has been decided that those 
showing some promise in yield will be 
manufactured in 1973 to evaluate their 
cup characters finally. 

(iv) Nitrogen Response on different 
clones ; Planting of this trial has now 
been completed with six locklai release 
clones viz. I V 1, I'V 9, VV 11, TV 12, 
I'V 16 and I V 18. Application of treat- 
ments will start in 1974. 

(v) Quality Testing Scheme 

(a) 1969 and 1970 trials : Quality test- 
ing on ten clones planted in 1969 
and 1970 will start in 1973. 

(b) 1971 trial : Routine work conti- 
nued on this trial which included 
one clone from an ('state. 

(c) 1972 trial : Another tiial with two 
estate clones was planted. 

(vij Nanda Devi Seed Bari (Stock 378 j : 

1 he seed bari has improved considerably 
but has unlbrtimately been adversely 
afTected by drought again in 1972-73 
cold weather. ITowcvcr, intensive mana- 
gement continues in order to produce 
seeds for release to Darjeeling estates 
in 1973. 

(vii) Establishment of Future Release 
Clones: Nine clones received from 
Tocklai were planted in the year under 
review. 


(viii) Extension area : This area has been 
made ready for a new agricultural trial 
which will test new Tocklai clones against 
known standards and will be planted 
in 1973. 

(d) Clonal Proving Station Darjeeling 
(Ging T.E.) 

(i) Trials A, B & C : Plot yields were re- 
corded and samples manufactured through- 
out the season. One block in I’rial A was 
uprooted and rehabilitated during the 
year under review to prepare the soil 
for future trials. 

(ii) Trials D & E : Yield records were 
maintained and observation on growth 
made. Samples from I'rial 1) were manu- 
factured throughout the season. 

'Phe details of these trials were given 
in our 1971/72 .Annual Report. 

No planting was done during the 
year under report since no clones were 
ofiered lor iiial from estates. 

I here are now 45 clones under trial 
at the Proving Station and tlu'ir yi(‘lds 
and cup (haiatieis art' Ixing compared 
against the Nanda Devi standard. In 
addition, hybrid leaf from a nearby area 
on (iing 1 . K. is also used as an additional 
standard at the time of manufacture. 

It is again approjuiate to record 
our appreciation of the excellent co-opera- 
tion received from (iing 1'. E. over the 
running ol the Proving Station. 

4, Meteorological Station : Regular readings 
wert! iTcordt'd in the tluee fully equipped meteoro- 
logical stations at Silcoorie, Nagrakata and .Nagri 
Farm (Darj('eling). 

In addition a new station was set up at fhakur- 
bari by the Soils Dej)artment and records were 
kept by Advisory Departmc'iit from the beginning 
of 1973. 
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5. Factory : Some modifications were made in 
the miniature factory at Ging T. E. to improve 
the drying. I'owards the end of 1972 the miniature 
factory at Nagrakata was completed and some 
manul’acturc was done with the aim to standardise 
manui'acture. It is expected that the factory will be 
fully operational from the start of the 1973 season. 

Experiments on Tea Estates 

A review of all estate experiments during the 
preparation of the programme of work for 1973-77 
showed (hat a large number of these were either 
improperly conducted or did not meet the objectives 
for which they were planned. All such experinienis 
were discarded in favour of new coordinated (rials. 


.\ c{)mplet(‘ list of .Advisory Department experi- 
ments is given in .Appendix A, the table below gives 
the number of experiments being (onducted in the 
districts. 




No. 

of K.xpcri incuts 

I'ra 

District al'tc 

r 197 

2-1973 up to 1972 - 7 : 

South 

Bank 

i) 

24 

North 

Bank 

2 

13 

Carh; 

ir 

1 

11 

1 )o< »a 1 
1 (‘la 1 

rs 

15 

20 

1 

I )arj<; 

(‘lint> 

.5 

1 

12 


riiis is a big reduction over the number conduc- 
ted in previous years, d'he plan is to lay out new 
coordinated experiments in 1973 to lit in with the 
new programme of work. I he system ol collecting 
data on estate ti ials in .Assam has also been re-vamped 
and brought in line with that existing in West Bengal. 

MEETINGS AND LECTURE COURSES 

.A numb(‘r ot .Annual (rcncral Meetings ol Pro- 
ducer Associations were attended by .Advisory 
Ollicers : 


Area Scientific Committees 

riiere ar(‘ 9 .Area Scientific Committees in the 
tea distric ts of N. E. India. Details of the number 
of meetings lu‘ld are given below : 


South Tank fast 
(a'tural 
,, M West 
Norili ,, East 
,, ,, West 

Dooars 
Eerai 

l)aij(’eling 


3 iiH'etings 
2 

•} 

- o 

4 
4 
1 

2 

) 


Nearly always the formal meetings were followed 
by group discussions and these proved a useful plat- 
form for a free exchange of ideas and improved the 
liaison between the planter and scientific staff. 

The Dooars Area Scientific Committee was 
the host to all other committees at a joint meeting 
held early in March. Nearly all committees were 
represented at the meeting and also a large number 
of Tocklai specialist officers attended. In addition, 
the Deputy Director, UPAS I, was also present. 
Field demonstrations, discicssions and social arrange- 
ments were very well organised by the Dooars Com- 
mittee and all attending agreed that the meeting 
was a great success and congratulated the Committee 
and Secretary for the excellent arrangements. 

d'he .Area Scientific Committees also arranged 
seminars on different subjects and these were found 
to be very useful. The details of the seminars held 
in the year under review are as follows : 

South Bank East — One seminar on raising and 
planting of clones, pruning 
and skiffing. 

South Bank West — One seminar on nursery 
and young tea management 
and manufacture. 

North Bank East — One seminar each on prun- 

& West ing cycle. 

Cachar - One seminar on herbicides. 

Lecture Courses 

Two three-dav courses on .Vgricultural chemi- 
cals were held during the year. One course Ibr sur- 
veyors on drainage and three courses on surveying 
and drainage for planters were also held during 
the vear. fhe courses were well attended. 

Visitors 

As usual, a large iuiiul)er of persons visited 
'Focklai and the outstatious. Dr. G. S. Venkata 
Ram, Deputy Director, UPASl, visited all advisory 
stations in March 1973. 
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ADVISORY DEPARTMENT 
FIELD EXPERIMENTS 

Hiici siiniinai ics of some of the experiments 
conducted by the Department are given below. 

Nutrition 

Potash 

Dooars & Terai 

High level potash trials weri' laid out in 1967 
to test the level at which application of potash 
induced magnesium deficiency. At no time has 
there been any indication that application of |)otash 
upto 360 kg KgO ha can cause magnesium defi- 
ciency. In addition combined analysis of yield 
data from all the four sites for 1971 and 1972 shows 
that there has been no significant response to potash 
application. 

Nitrogen 

All tea districts 

A large number of trials on tea estates have 
been conducted for a number of years now on split 
applications of nitrogen. In all but one of the Assam 
trials, there* is no indication that splitting the nitro- 
gen dose at low or high U'vels results in any increa.se 
in crop. Ihere is also no indication that potash 
will increase the response to levels of nitrogen higher 
than those normally applied i.e. 120-133 kg \/ha, 
whether application is split or not. 

In one experiment in the Dooars (D. 33) on a 
sandy soil the 1972 results show that nitrogen at 
110 and 220 kg/ha, whether applied in single or 
split doses is significantly better than no nitrogen, 
but there is no significant difference between 110 


and 220 kg Nyha applied in one, two or four divided 
doses. There is also no diflerencc whether 220 kg 
N/ha is applied once, or divided into 2, 4 or 8 equal 
doses. 

In one experiment in Assam (AS. 56) where 
nitrogen in one plot is applied as ainmophos and 
in the other as sulphate of ammonia with potash, 
splitting the dose of nitrogen has given a significant 
increase in crop over single application in most of 
the four levels of nitrogen tried. 

This is the only case in Assam where split appli 
cation of nitrogen has resulted in an increase in 
yield over nitrogen applied in one dose. All the 
experiments have their limitations and have there- 
fore been stopped. Further experiments on plant 
nutrition will be planned as and when resources 
become available. 

Infilling 

Dooars & Terai 

An exjxrimeni designed to determine the yield 
increase due to infilling in tea having 10-25’’,, vacancy 
was laid out on 6 estates in the Dooais and Terai 
in 1969. Infilling was done in October 1969 and 
the infills were brought up by the. standard method. 
Pruning of the majority of infills was completed in 
October 1970 and thereafter the infills were pruned 
and plucked in the same manner as the mature tea. 

A coml)ined analysis of five of the six sites shows 
that in 1971 the eflcct of infilling (done in 1969) 
was highly significant and resulted in an all round 
crop increase of 13-16”;,. Infilling following medium 
pruning increased tlie yield l)y over 30”;, in those 
j)lots where hedge infilling was done; and over 
20”„ where singl- infilling was carried out. 
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Soil Rehabilitation 

Dooars 

The 1972 results ol' experiment D.28 again has 
sliown that even 6 yeais after planting the differences 
remain signifK ant Ijctween 2 years rehabilitation 
with Xtimosd ininsa as the gi(‘en crop, one year re- 
habilitation under M. invisa and no-rehabilitation. 
There* is also a significant diffeicnee between sub- 
soiling and ploughing and no sub-soiling and plough- 
ing, in f’a\()ur of the foi ini'i . The highest yield was 
obtained from j^lots that wh(*re rehabilitated lor 
two years ailef subsoiling and ploughing and the 
lo\\(‘st yield from plots where there was no rehal)ili- 
tation and no subsoiling and ploughing. The differ- 
ence in favour of the foi iner is over 600 kg'ha, 
\Nhi('h is a fvV',, incri'asc. 


Plucking 


Darjeeling 

A plucking experiment (D). 18 > was started in 
Darjeeling in 1961 and the eU ven years lesulls show 
that plucking to the janani in the year after the 
prune gives the best lesults whereas leaving a leaf^ 
at the start f)f the first flush and then plucking to the 
janam is the best system in the second year when 
the bushes were light skiffed or skiffed to level ofT. 
However, it is worth noting that the system that 
demands leaving of leaf early in the season results 
in a h)ss of first and second flush crop when compared 
to plucking to the janam. 
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General 

Mr. B. Pluikan was appointed to the post 
of Second Agronomist and he joined his duties on 
1. Vi. 72. Mr. S. N. Sarmah joined as Junior Scientific 
Assistant on 20.12.72. 


RESEARCH AND EXPERIMENT 
Planting and Spacing 

'riiioc spacing experiments are in piogress at 
Borhlictta. Ihc oldest (B 1 01) was stalled in 19:)7 
and the treatments consisted of two jals (Betjan 
and Stock 203), five spacing^ (120 cm X 120 cm, 
100 x 98 cm, 150 X 75 cm, 150 x 60 cm and 
120 X 60 cm) and three levels of nitrogen (90, 135 
and 180 kg/ha). Spacing witliin the above range 
did not have any cfTect on yield aft(‘r the tea had 
reached the age of four ycais. Closer spacings gave 
higher yields in the first four years, d’here was no 
difference between levels of nitrogen i90, 135, 180 
kg/ha N) from 1962 to 1968. Higher levels of nitro- 
gen have markedly depressed yield thereafter. 
Betjan outyiclded Stock 203 upto 1963. I'lie two 
were not difTerentiable during 196)4-66 although 
in all these years Stock 203 was improving over 
Betjan. I’hereafter Stock 203 outyieldcd Betjan. 

d’he results of another factorial experiment 
(B 8/lj on clonal tea were presented in last years 
Annual Report. I’lie results aii* graphically re- 
presented in Figure 1. 

From the above it can be seen that except for 
120 cnrA45 cm there is a progressive increase in 
yield with closer spacings. It is also interesting 
to note that Clone 106/1 ('F.V. 9) outyiclded Clone 
19/29/13 ri'.V. 1) in 1970 and there was no difTe- 
rence fjctween them in 1971. In 1972 Clone 19/29/13 
(F.V. I) outyiclded Clone 106/1 TF.V. 9). These 
observations indicate that Clone 106/1 is an 
early starter but its yield potential is not as high as 
the other clone. Another interesting observation 


Agriculture Department 
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is that 200 kg N/ha has continued to give higher 
yield than 100 kg N/ha, but no difference has been 
observed between 200 kg and 300 kg per hectare 
nitrogen doses. 


Another experiment on jat tea (B 8/2) started 
in 1966 gave interesting results. The results are 
recorded in Table 1. 


Table 1. Effect of spacing on yield of made tea (kg/ha). 


Average No. of 

I rratment Plant population per ha • * Pruning Sticks, 





1968 

1960 

LP 

1970 

DS 

1971 

MS 

1972 

LS 

Per bush 

1973 

Per plot 

120 cm 

•: 120 cm 

09-14 

<)2 

234 

641) 

064 

1547 

25.0 

1881 

120 cm 

00 nn 

0259 

82 

292 

714 

1146 

1724 

18.5 

1855 

120 cm 

00 ( in** (doublcton) 

1H518 

86 

329 

859 

1255 

1687 

23.0 

2305 

120 cm 

7.^ cm 

mil 

76 

27(. 

755 

— 


20.1 

2418 

120 . tn 

1)0 cm 

13888 

108 

340 

885 

12(>() 

1859 

16.7 

2505 

120 cm 

> 75 cm .< 75 cm 

13675 

98 

:m 

1047 

1359 

1823 

18.0 

26()ti 

C, D. at P. Of) 


26 

79 

162 

242 

XS 



C 



20.1 

17.0 

13.2 

13.1 

9.3 




1071 & 1072 analysis were clone 

eliminating the 

1 20 cm X 

75 cm 

treatment 

where 

yields wr 

re vrr)' 

poor due to 


plot hett'i'ot^eneity. 










** Two plants planted in i-nie hole. 

’riuT(‘ was progi'cssive increase in yield with These yields are much higher than what are 
closer sparing iipto 1971. The effect of spacing obtained by the conventional method of bringing 

was not signilicanl in 1972 and these results are in up young tea under similar conditions, 

conlormily with tin* result of au earlier experiment 

(B 101) where the (lifl’erence between spaeings Fhis tea was pruned at different heights ramming 

became non-signiheani after four years. from 40 cm to 60 cm in January, 1973 to find out 

at what height a good frame was formed. It 
Bringing Young Tea into Bearing was found that frame development was not 

,\n area was |)lant(‘(l with ( done 'f.V. 9 in August satisfactory at any height in the alx)ve range. 

1968 in single hedge of 120 cm < 60 cm and stagge- Pruning sticks were counted and the diameter of the 

red double hedge of 120 X 90 x 60 cm with the pruning sticks at the height of cut was measured, 

object of .is^osing the nature of yield progression The results are given in 'fable 3. 

with llu' low lip|)ing method of bringing up yo\ing 
t('a. 4'he area is sliaded with Indiifnfera hr^manii, 

Ihe yields obtained fnmi 1969 onwards are recorded pruning heights in low tipped tea. 

in Table 2. 

Xo. of Sticks Mean thickiK'ss of 
Height of Prune per Ijush branches in cm 

Table 2. Effect of spacing-cum-method of planting^ 


on yield of made tea 

(kg/ha). 


10 cm 


8 

2.70 


Made tea in kg/ha 


45 cm 


9 

2.45 

Spat imi: 


— 

— 





lOliO* 

1970 1971 

1072 

50 cm 


12 

2.40 

.Stangered dttublt' liedge 

106 

1303 1723 

2162 

55 cm 


.M 

l.W 

120 ( in 1)0 cm X 00 cm 

(12315 plauts/lia) 




()0 nn 


24 

1.70 

Singit' hedge 

120 nn X ()0 cm 

571 

1605 1826 

2322 

Cuts at 

a low- 

levt'l did not 

leave many sticks 

(13888 planis/ha) 




and the few 

sticks 

did not form 

a good permanent 


• I9(i9 yields recorded from July to Nowmhrr only. frame. It was, therefore, felt that keeping the tea 
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bushes unpruned for three or four years, as pres- alter the lirst pruni* and decenlre was considcicd 
crihLd under low tipping method of bringing up essential for the development ol a good Iraine. 
young tea. would be* detrimental to the develop- plucking 

ment of a good permanent frame and as such intro- results of an experiment on plucking started 

duction of a frame forming prune 12 to 24 months lecorded in 4able 4. 

Table 4. Effect of plucking methods on yield of made tea (kg/ha). 


— - 


1971 (M 

. S.) 

1972 (L. 

8.) 



Without broke'u 

With* broken 

\\ itliout broken 

With broken 


T r f .1 t 111 <• n 1 s 

bac k Ic'al 

bac k leaf 

l)a( k le af 

bark leaf 

1 1 

- Pluck tilack tu janam 

2149 

2149 

185' 

1851 

To - 

- Pluck standard IcafOnly. no breaking back 

1454 

1 154 

1425 

1 425 


- Pluck stanflar \ leaf and break bac k to janatn 

155H 

2901)* 

1412 

1848* 


- Pluc k standard le.afOxcM- fish leaf, no breaking bac k 

1274 

1274 

1 1(*9 

1 1(»9 

I'-i 

Pluc k standard Ij afOver fish l('at. I>reak bac k to level 

otr 1487 

18‘M)* 

1 2 19 

l(il7* 


C. D. at P.()5 

1 15 

144 

141 

141 


C. \'. ‘‘o 

5 . 4 

5 . ( ) 

<').9 

().2 


* In I’;} and T^, first standard li nt coivipi isiritj of (wo and a l)iid, laigc «)n<‘ and a l>uil and single l)an)hi was jihu k(*d and 
weighrtl. I'hnn titr remaining growth coinprising mainlv of Ordinal was j)lu{’kcd to janatn and weighed. Uie figures niark<*fl 
with aste risk are die total of these two weighinents. 


When hioken l)aek parts at(‘ included plucking on a stA’en day rtnmd. I'ish leal phicking has given 
black to jnnam has given the highest yield in the signilicantly lower vi(‘ld eomjiaied janarn |dueklng. 
medium skilled year Init in the primed year there 

is no dilTerence betwen 4\ and 'r.^. Standard 4'he monthly variation in I he j)ereentage of 

leaf aecomUs for roughly 75 percent of tlu' total bioken back h‘af in the two dilleicnt tri^atments 
if all the growth above janam is taken into the basket is shown in I'alde 5. 


Table 5. Per cent broken back leaf in different months. 



1’ r c a t III cuts 

Mav 

June 

.h'ly 

Aug. 

Sept . 

Oct. 

Nov. 

T:t 

— Pluc k standard Ic-al’and - 

47.4 

48. 1 

47.8 

44.5 

29.8 

18.1 

19. 1 


break l)ark to janam 









- Pluck standard leal’o\r-r fish- 

44.2 

49. I 

28.1. 

2b. 8 

22 . 8 

18.2 

1.5 


I< af and hrrak fiack to lc\rl off 

It is interesting to see (hat ol‘ the (wo, 'I'- pro- Nitrogen Manuring 
eluted less coarse leaf f reprt sented by broken back 

leaf in Table 5) during May - August and again Experiments on doses and split application of 

in November. I’he per cent ( oarsc leaf during Sep- nitrogen (B 8/1, B 111/2, B 113/1) are continuing 
tember and October was practically the same in both and the results eonlirm (he earlier finding (hat 
treatments. single dose application gives the same result as s|)lit 

application. In one experiment there was no dilfe- 
Manuring rence l)etweiai 90 kg and 135 kg N/ha. In another 

experiment there was no dillerenee between 112, 
A number of experiments on different aspects 157 and 224 kg N/ha when applied cither singly or 
ol manuring are being conducted at Borbhetta. iu split doses. In the third experiment (B 8/1) at 
The results of some of the experiments are briefly Borbhetta where 100, 200 and 300 kg per hectare 
discussed below. nitrogen doses were tried on clonal tea planted in 
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1966 significant increase in yield due to application 
of 200 kg N/ha was recorded in 1971 and 1972. 
d’hc oplinunn nitrogen dose was statistically com- 
puted to lie 233.09-1:24.14 kg/hain 1971 and 232.514: 
21.1H kg/ ha in 1972. 4 his is for the first time that 
response to such high dose of nitrogen has been 
recorded in a lield experiment in N. E. India (sec 
Fig. 2). 

Phosphate Manuring 

44ie expei’inient fB 43 C.2) was started in 1970 
to coinp.iK' the elliciency ol' dilfereiit sources of 
phosphate applied at 10 kg FoUr, per hectare in 
the. presence ol' 100 kg \ and 40 kg K/)/ha. The 
treatments were; control, phosphate as superphos- 
phate, rock phosphate, aminophos and nitrophos- 
ohate. 1 h(‘re was no clillerence Ix'lwcen treatments 
in any of the three years and it can be concluded 
that phosphate applic<ition in any of the above 
forms has not given higher \ield than control under 
(he conditions ol this experiment. I’liis experiment 
has since been discontinued. 

Another experiment where phosphate lias been 
ap()lied as :-upeiphosphate from lOiiO at 0, 45, 90 
and IH) kg FoOr, per hectare on Clone 4'. V. 2 has 
given inieresting results. In this experiment upto 
1970 phosphate application had a t(‘ndency to dep- 
ress crot) and in 1970 phosphate at 180 kg/ha showed 
a large reduction in crop as compared to control. 
In 1971 the trend of response to phosphate ferti- 
lisation rev(‘rsed as is clear from vield data in 
4 able 6. 


Tabic 6. Effect of differential phosphate fertilisation 
on yield of made tea (kg ha). 

I'jcaitiK’iits 

1970 

I.P 

1971 1972 

1)S MS 

Total 

No l’lios|)li;nr 

1 r)Ma 

1798 2487 

5784 

I.-) 1*2 (),. Iki 

1 j7n 

1 7 1 1 2r>(i2 

5882 

no kii ILj Or, lia 

lint 

179U 2()7:) 

5958 

IHO k^^ ILj ();, 

r.t7l 

l()8n 2 VM 

5818 

C. I). 1’. O') 

lUU 

NS NS 


C. \3 

10.2 

10.2 9.1 



1971 



100 200 235 300 
levels of nitrogen 


1972 



100 200 232 300 

LEVELS OF NITROGEN 

Fig 2. Response of clonal tea to 
different levels of nitrogen 

Application of phosphate at 45 and 90 kg rates 
resulted in a positive response in 1971 which how- 
ever could not be manil'ested at a statistically signiti- 
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cant level, rhis trend became more pronounced 
in 1972, The reversal in the trend of response may 
])e attributed to chemical weed control in this area 
from 1970 season : a mass of feeder roots has deve- 
loped in the top layer of the soil which could have 
ensured a better utilisation of the applied phosphate. 
However, the highest level ol‘ phosphate has depressed 
yield, though rionsignificaritly, compared to lower doses 

Potash Manuring 

d’he yield data from experiments B 5.1 and 
B 105 continued to give results similar to the ones 
reported in Annual Report, 1970-71. Response to 
potash \vas obtained at all levels. The results from 
B 105 are presented in lable 7. 

Tabic 7. Effect of differential potash fertilisation 
on yield of made tea (kg/ha). 



1970 

1971 

1972 

Trcatnirnts 

TP 

1)S 

MS 

No. KoO 

1279 

1490 

2289 

45 ktr K.,()/lia 

1530 

1708 

2555 

90 K.>()/ha 

1590 

1810 

2052 

180 K.,()-,/ha 

1025 

1913 

2803 

C. 1). P. 05 

109 

120 

107 

C. V. “o 

10.2 

10.2 

9.1 


Prior to 1969, 180 kg KgO per hectare outyiclded 
the lower doses by large margins. But in 1970-72, 
90 kg and 180 kg per hectare doses were at par. 
In 1970 even 45 kg/ha was at par with 180 kg/ha. 
It, therefore, appears that application of liigh doses 
of potash over the ycais has resulted in a build up 
of potash in the soil. 'Therefore, there is little or no 
response to application of higher levels of potash 
now. 

Micronutrients 

Zinc : One experiment (B 108.1/2) with foliar 
application of zinc sulphate at the rate of 24 kg/ha 
in 4 splits of 6 kg/ha at bimonthly intervals was 
started in the middle of 1970 season. The results 
obtained in 1971 and 1972 are presented in 'I’ablc 8. 


Table 8. Effect of zinc spray on the yield of 
made tea (kg/ha). 



1971 (U 

P.) 

1972 (T. P.) 

Trratmrnls 

Made tea in 

Nn. of 

Made tea 

in No. of 


kg/ha 

Sh<M)ts/kg 

kg/ ha 

Shoots/k 

Zinc Sulphate 

2383 

1968 

1932 

1430 

Water Spray 

2204 

1983 

17.50 

1402 

‘t’ test 

Significant 


S. 


C. V. % 

9.2 


15.0 



Unlike the previous year (1971) the treatment 
effect failed to be manifested at a significant level 
in 1972. This could possibly be either due to near 
sufficiency of zinc after the 1971 treatment or due 
to lesser response in the pruned year. Experiments 
in Ceylon and South India suggest that response 
to zinc is more |)ronounced in the later years of the 
pruning cycle. 

Scorching with Zinc Sulphate Spray : Trials 
were also conducted on bright days in August, 1972 
to find out the maximum safe concentration of zinc 
sulphate for foliar application \vith hand and power 
sprayers. No scorching was observed upto !3 per cent 
concentrations of ZnSC)| in the case of hand sprayers 
and upto 5 per cent concentration in the case of 
power sprayers. 

Boron : Another trial with i'oliar application 
of Borax was started in August 1971. Borax at 24 
kg/ha in four splits of 6 kg was appli(“d lour times 
at monthly interval in August, September, October 
and November. 1971 and in May, June, July and 
August 1972. There were two plots with Borax 
and two plots without Borax. The mean yields of 
the two treatments IVom August to November in 
1971 and for the whole of 1972 are tabulated below : 

1971 (U.P.j 1972 (L. P.) 
Water spray — 898 1 628 

Borax 1055 1867 

Long Term Agricultural Trial of Tocklai Clones 

To study tlieir yield performance, a long term 
agricultural trial was started with 'lV)cklai release 
clones which were planted in 1966-67. The yield 
data of these clones for the year 1972 when the bushes 
were medium skiffed are recorded in 'Tabic 9. 'The 
crop distribution is also shown in the same table. 

It is too early to draw conclusions on the yield 
peiiormancc of different clones. The experiment 
is in progress and proper comparison will be possi- 
ble after the completion of one pruning cycle. 
It is, however, evident that the per cent ( top distri- 
bution has not varied to any appreciable extent. 
Only T.V. 1 has given very low j)er cent early crop 
and very high per cent main season crop. 
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Table 9. Yield of made tea in kg per hectare for 1972 
(Medium skiffcd) from different Tocklai 
clones. {Figures in bracket show the crop distribution 
in per cent) 


Clone 

Karly 

Main 

Backend 

Total 

TV 

14 

503 (30%) 

1034 (54%) 

310(10%) 

1907 

TV 

10 

545 (31%) 

933 (52%) 

305 (17%) 

1783 

I’V 

4 

559 (32%) 

90(i (55%) 

219(13%) 

1744 

IV 

11 

552 (32%) 

900 (52%) 

277 (10%) 

1735 

•IV 

7 

392 (23%) 

1078 (04%) 

221 (13%) 

1091 

IV 

9 

434 (27%) 

902 (50%) 

207 (1 70 / 0 ) 

1003 

I'V 

8 

512(32%) 

845 (53«o) 

232 (15%) 

1589 

rv 

1 

452 (29%) 

855 (55%) 

242 (10%) 

1549 

rv 

T2 

457 (31%) 

782 (52%) 

257 (17%) 

149(i 

3 V 

2 

351 (27%) 

099 (55%) 

220 (18%) 

1270 

yy 

18 

322 (20%) 

084 (50%) 

221 (18%) 

1227 

IV 

() 

289 (27%) 

570 (55%) 

194(18%) 

1059 

Bet Jan 

505 (32%) 

_8f.2^54%) 

233 (14%) 

1000 





c;.n. at p. 05 

236 





C. V.% 

10.6 



Karly crop 

- uplo 

end June 




Main rn»p 

upto 

mid October 




Backend < rop 

• • upto mid December 



Chemical Weed Control 

Three new lierbicides, namely, Ansar, Probe 
and Roundup were tried at Borbhetta. A bricl' 
report on each ol' the three herbicides is given 
below. 

Roundup ; This is a product of Monsanto 
Chemicals. I he forniiilation contains 36 per cent 
active ingredient. It was sprayed in a predominantly 
thatchy area at 3 litres, 6 litres, 9 litres and 12 litres 
of the Ibrmnlation per hectare on 6ih April, 1972. 
All weeds including thatch were completely killed 
at even the lowest dose but reinfestation with broad 
leaved weeds, mainly Borreria hispida [baoracote) 
started one month later. It was interesting to note 
that there was no regrowth of thatch. Repeat sprays 
were given on 6th June and 23rd August but they 
were against weeds germinating from seeds. This 
herbicide is translocated and does not have any 
preemergcnce activity. 

'I he toxicity of this herbicide to tea was studied 
by spraying it at dilferent concentrations on the 
leaves as well as on the soil around one year old 
sleeve-growai plants. Soil application even iipto 
b litres per hectare did not have any adverse eflect 
on grow ing plants. Direct spraying of the herbicide 
on the plant upto 4 litres per hectare did not show 
4 Uiy adverse effect, although some adverse effect 


was noticed at higher doses. This herbicide killed 
all the common weeds except Paspalum scrobiculatunij 
which was partially resistant. Further trials with 
this herbicide are continuing. The herbicide is not 
yet commercially available. 

Probe : A detailed report on Probe has been 
published in the December, 1972 issue of Two & A 
Bud. Trials conducted so far suggest it to be useful 
in cocktails with Gramoxone, 2,4-D and Dalapon. 
It is a good preemergence herbicide, but is not yet 
available. 

Ansar : Trials with Daconale (MSMA from 
Diamond Alkali Gorporation) were first conducted 
in 1970. In these trials it was found effective for the 
control of broad leaved weeds and shallow rooted 
grasses. It was not effective against Saccharum spon- 
ianeurn and bnperata cylindrica. Subsequently, Ansar 
was tried in combination with 2,4-D, and Gramo- 
xone and was Ibund to give satisfactory control 
of all weeds except the thatch group. It is however 
interesting to record that on the basis of equal dose 
of formulation Daconate was more effective than 
Ansar. Further trials are in progress. 

'The toxicity of this herbicide to tea was studied 
by spraying it at different concentrations on the 
leaves as well as on the soil around one year old 
sleeve-grown plants. Soil application even at two 
litres/hectare was toxic and two of the five test plants 
died. Direct spraying of the herbicide on the plants 
even at one litre/ha killed three out of the five test 
plants. Tea from Ansar treated plots is being 
analysed by the Soils Department for arsenic residue/ 
uptake. 

Control of Oxalis 

Oxalis aceiosella is becoming the dominant 
weed in many areas where gramoxone has been 
used for a number of years. This is a low growing 
species and covers the ground completely during 
January-May. It dies out with the onset of the 
heavy rains. It is propagated from bulbils (small 
bulbs) which are very persistent. Destruction of 
the foliage either manually or chemically only stimu- 
lates the ripening and multiplication of the bulbils 
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and consequently the plants. Most herbicides appear 
to be almost without effect for Oxalis control. To 
what extent Oxalis is harming the tea is not known. 
One thing is fairly certain and that is that the (Oxalis 
plants will use quite a lot of the moisture from the 
top three to four inches of the soil. A number of 
herbieides-Lasso, Dalapon, Probe, Ansar, DSMA, 
Gramoxone, I’ernoxone and Karmex wcae tried 
against Oxalis. Probe at 4 kg/ha gave the best 
control followed by Granuwone 2 litres ' f’caiioxone 
1 kg ]^cr hertai' , Gramoxone 2 litres -\~ Karmex 
■I kg pci' hcclaic and (iramoxone 2 litres per hectare 
respectively. 

Effect of Different Herbicide Cocktails in a 
Thatchy Area 

The various cocktails tried included varying 
doses of Kaiinex • ( iramoxone, Karmex Dalapon 
f Gramoxone, Ansar (hamoxone, .\nsar i Dala- 
pon ' Gianioxone, Amilrole • Dalapon, Probi' ; 
Dalapon ; (hamoxoinx Probe (hamoxone. 1 1 was 
found that Pi'obe 4 kg ha Dalapon 4 kg/ha 
• Gramoxoiu* 7.a() ml ha gave the best control 
and was closely followed by Prolx* 4 kg/ha ! Gra- 
moxone 7oi) ml /ha. 

Effect of Gramoxone on Metal Containers 

1 here was some complaint from estates that 
gramoxom* solution kept ov(*rnight corroded metal 
containers. 1 o clK ck this 1 :200 gramoxf)ne solution 
was stored in containers of galvanised iron, iron, 
aluminium and brass, Clorrosion was observed 
almost immediately in the galvanised iron eonlain(*r. 
CV)rrosion was observed in iron and aluminium 
containers also but to a lesser extent. Hence contai- 
ners of the above metals are ttot consideied suilabh' 
for storing gramoxone solution. I’heie was no de- 
tectable corrosion on brass : only a few black dot 
like patches waae o})ser\'(“d on tin* body of the con- 
taiticr. 

Some Factors Affecting Dry Matter Content 
in Plucked Tea Shoots 

Diy mattei' content ol tea shoots determines the 
recovery of made tea from green leal*, f'his, in turn, 
is dependent on a numl)er of environmental and 
management factors like manuring, pruning, shade, 


jal etc. Pwo long-term manuring experiments, 
details of which are given below, were selected for 
the purpose r)f this study. In experiment No. 1 tea 
of Tingamira jnl w'as planted in 1962 in plots which 
were receiving difTerent combinations of N, P and K. 

In experiment No. 2, all combinations at four 
levels of P and K at a constant level of nitrogen 
wore being applied on 1958 planted clonal tea since 
19t)0. I'he observations on shoot weight were started 
in end June, 1972 and were repeated at fortnightly 
intervals on 1 1 (xcasions. (Composite samples of' 
100 gm I'reshly plucked leal'ol' eveiy ti'catment wau'e 
taken and dried in an air oven at 75 ’ G till the 
weight was constant. 

Effect of Nitrogen with and without Shade 
on Dry Matter Content : I'Ik* mean effects of 
nitnygen in the |)rcs(Micc and absence ol shade arc 
given in I'able 10. 


Table 10. Effect of le^^els of N with and 


without 

shade on 

dry matter 

content 

(gm 100 

gm) of 

plucked tea shoots. 

I.<‘\<‘ts ol .Xilt'oi^i n 

Shadr 

No. Sluulr 

No. NiU’fitfcn 

20.:ki 

24 .2‘) 

ki* N 'lia 

21) .71. 

2:^ .1)5 

‘)() kK ha 

21 .01 

2:t .H5 

1:15 ktjj \ ha 

21 . W 

:>4 .07 

C. 1). at E.()5 

O.Tl 

0 .10 

C. \'. '5, 

2 .41 

2 ,02 


Prom the above table it can b(‘ seen that tlie dry 
mattei' content in young tea shoots is nearly three 
per rent more under unshaded lea. Application of 
nitrogen also increased the dry matter accumulation 
in plucked tea shoots. Single degree of freedom 
analysis of the nitrogen elfecl both w ith and w ithout 
shade indicated that only (he linear effect was signi- 
ficant. 4’his suggests that thi‘ rate of* increase is 
propoi'lional to the dose of nitrogen. 

Effect of Phosphate with and without Shade 
on Dry Matter Content : Informatiiui on the 
effect of levels ol' phosphorus on dry mattei 
per cent is availalde from tw^o experiments and 
is given in Table I I , 
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Table 11. Effect of levels of phosphate with and without shade on 
dry matter content (gm/100 gm) of plucked tea shoots. 


Arc; 

li J . 1 


Arc; 

i B 103 

i.eveh of IX ()- 

Shad«- 

.No. Sha(l<‘ 

Levels ol IX ( >:, 

Shade 

Nn. P./)^ 

2(1. aa 

23.78 

X.>. P/);, 

22.30 

2") ICj ()-/lui 

20.92 

23. (»3 

13 kt^ IXOolia 

22.30 

( 1 . 1 ). at 1*. < )?} 

X. S. 

X. S. 

00 kg P/):i lia 

22. P» 

( V. 

2.11 

2.02 

laO kg P.» O.v'lia 

22.00 




C. IE at 1*.()3 

0. l!t 




L. \'- "o 

1.71 


Low (losr of phosphorus did not afTnct the diy 
rnatlcT in plucked t<a shoots, hut higher doses 
reduced (lie dry luatter content. I’he reduction 
in dry wt’ight wa-^ jn'oporlional to th(‘ increase 
in phosj:)hate lev(‘l u])to lh(‘ higlu'sl le\M‘l used 
vi/ ; IhO kg ha. 


Effect of Potash with and without Shade on 
Dry Matter Content : 1 he mean eilects oi 

potash in the presence and absence ol shade are 
given in lablc 12. 


Table 12. Effect of levels of potash with and without shade on dry 
matter content (gm ' 100 gm ) of plucked tea shoots. 


An 

a B 3 . 1 


.\ie; 

B 10 3 

1 -CN’cls Ot K ._>( ) 

Shade 

Xo Sliadc 

Lc\ »4s ( •! K .jO 

Shade 

Xo. K., n 

2 1 . 32 

21.14 

Nm. K.O 

22.07 

00 kg Ko O ha 

2U. !'• 

23 . 2‘( 

13 kg K d ) ha 

22.24 

C. 1). at P. 03 

u. h< 

O.ll 

00 kg K.O ita 

21 .08 

c. 

2.11 

2.02 

lao kg K.T) ha 

21 ."7 




C. 1). at P. 03 

0. lit 




O. \'2‘o 

1.71 


Application ol potash both under shade and 
without shade has decreased the diy inatlcM content 
in both the ex])erinients. The edeet of giaded doses 
of potash on dry matter under shade can be seen 
clearly in (lu* results I'rom eN|)eiimt'nt H 103. I he 
analysis suggt^sted that dry mattei’ per cent was in- 
verselv related to increasing levels of' K but (he 
rate of decrease ^va'^ lound to dec rea^ic with, increas- 
ing lc‘vels of K. 


'The X X V interaction was significant in the 
unshaded experiment only. Dry matter per cent 
went on increasing with increasing doses ol X m 
the presence of phosphate whereas there was no 
increase in dry mailer alter KH) kg X dose in (Ik 
absence of phosphate, (big 3). 


( ‘-^5 ) 



DRY matter percent DRY MATTER PERCENT 


Tocklat Experimental Station 


P X K (+ Shflde) P X (+Shode) 



0 45 90 100 0 25 


PX K (-Shade) 

^0 

" " KjOO 



LEVELS or PHOSPHATE 


25r N X K(+Shade) NXK(-Shade} NXp(-Shode) 



20 ‘- ‘ 

i_, ■ 1 I 1 1 1 • 

0 50 100 150 0 50 100 150 0 50 100 150 

LEVELS OF NITROGEN 


Fig. 3. Effect of different combinations of nitrogen, phosphorus and potassium on dry 
matter in tea shoots (gm dry welght/lOO gm fresh weight). 


( ) 



Annual Scien iii ic Repori For 1972-73 


I'lic N X K interaction was significant both 
niulcr shade and no shade, ddie dineience in dry 
matter between potash and no potash treatments 
was less at lower nitrogen levels and increased at 
higlur levels of nitrogen (Fig 3). 

rh(‘ F X K interaction was signilicant in both 
the experiments. Potash in the presence of phos- 
phate appeari'd to reduce dry matter. Further 
suidies are continuing on this aspect 'Fig. 3). 

BORBHETTA FIELD EXPERIMENTAL 
ESTATE REPORT 

Labour llu! average daily attendance of 
labourers during the current year, compared with 
the last lour years, is as follows ; 


Year 

Xo. of labourei s t ngaged. 

um' 

220.00 

19h9 

208.63 

1970 

188.30 

1971 

1 7fl . 00 

1972 

183.00 

Crop 

-1 he total yield of green leaf during 


the current year, compaied with the last lour years, 
is as follows : - 


Year 

Yield 

1968 

1,29,021 kg 

1969 

1 ,44,985 kg 

1970 

1,72,868 kg 

1971 

1,74,555 kg 

1972 

2,26,455 kg 


01 the 1972 crop, 2,18,813 kg green leaf was 
sold to the Jorehaut Tea Co., Ltd., and the remain- 
ing was used for experimental purpose. General 
plucking was .stopped on 1.12.72. 


Vegetative Propagation 

I’he following supplies were made to Members/ 
Outstations from Borbhetta : — 


.Supplies made 

1971-72 

1972-73 

Pretreated /fresh cuttings of 
vegetative clones 

3,4‘f,51.i 

8,15,300 

.S( ions of vegetative < lom s 

3,540 

5,320 

Fresh cutiings of generative clones 

1,.300 

9,000 

Scions of generative clones 

4,H20 

6,550 

('lonal plants 

__ 

785 

Grass cuttings 

1,300 

700 
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SOIL CHEMISTRY 

Cation exchange capacity of clonal tea roots 

(i) Investigation was c.ariiecl out to know 
whether precision of measurc'inent of root 
cation exchange capacity remains same 
when results are expressed on the basis 
of surhice area of repots and dry w(‘ight 
oi roots. I’oi this purpose ten diHeient 
clones were examined, d'he surlace area 
ol roots was delei inined by (he formula : 

4 X V 

M--. j-j , where M - sm lace area 

in s()uaie 
meter : 

V - volume in 
<'.e. ; 

and 1) diametei of 
root in mm. 

Volume of root was deteiniined by dis- 
j)lacetnent of water, and the diamelt'r 
ol root was determined by ocular miero- 
metei . 

Table 1. Data on the cation exchange capacity 
of clonal tea rootSt expressed on the 
basis of surface area and dry weights. 



Cation Kxdiangc 

S.E.of 


Clone 

Capacity of while roots 

nnan 

C.K.C./.Sipin : 


(niili < quivalcnt) 


C.K.C. :100 g. 

TV^ 

8.27 per Sq. ni. 

1 0.89 

1 :5.3 


44.07 )K'r too 

:l 1 d)3 



7 .9!t per Sq. in. 

1 0.88 

1:5.7 


4.'). 58 per 10(1 i». 

1 0.87 


TV, 

1 Jx) per Sq. in. 

•-I 1 ..50 

l:().t) 


4(i.()5 per too ir. 

j 1 .53 


i4/()/2n 

O.ttO piT S(j. in. 

1 0.97 

1:().5 


43.98 per too ^ 

r 1 .22 


IV« 

8,25 per .S(j. in. 

(0.87 

1:5.4 


44.28 per too 

10.74 


r\'.. 

7 .45 per Sq. in. 

1 1 .22 

1:5.8 


43.02 per too ir. 

! ! . 


19/lti/‘tH 

(j . 32 per Scj. in. 

1 0.7!» 

1:7.1 


45. 12 per lOO 

1 1 .02 


I.ti'thai 

7 . 72 per Sq, in. 

It. 23 

1:(,.3 


40.48 per too 

1 ! .48 



7 . 74 per S(p in. 

1 1 . ()2 

1 :5.(> 


43 . 1 5 per 100 q. 

1 i .ot; 


280 

8 , 25 per S<p in. 

! 1 . 35 

1 :5.3 


43 . 5 1 per 100 m. 

i 1.20 



The reported standard errors of mean 
conlirm that the precision of CffhCl. 
measurements by both procedures (sm- 
face at {‘a and dry weight basis) is about 
tile same, Inirtlier, it is interesting to 
obser\c that the two procedures maintain 
almost a constant ratio (on an axciage 
C.K.C./Sq. Jii : ( :.!■.( :./ 100 g 1 : 0) 
irrespectivt' o( the clonal diOtaences. 
1 liis obsciAcd constancy is due io tin* 
highly signilicant (r- 0.^)0 < relatifinslnp 

obtained between (he \’ohune and weight 
ol clonal roots, tht' (‘((nation Ix'ing Y 
0.091 2. 050 X, where the V(4nnu; 

of roots, and X • the weight of roots. 

It is, thcieloK*, possible to gain accu- 
rate inlormation on th.e cation e.xchangi' 
ea})acity of donal te.i roots bv the con- 
\fntional nu'lhod of e\{.)ressing results 
on the (liy weight basis rather than on 
the smiace area basis which is time eon- 
.>mning. 

(ii) ln\ (‘stigations wei<‘ rallied out to lind 
otft the proportions in whi(4i red and 
white loots art* pri'sent in clonal root 
system, and how lar the cation exchange 
capacity of root systems is affected by the 
ratios betwi'en red and whit(‘ roots. 
Results o(‘ this study are given in Table 2. 

Table 2. Data on tbe ratio between red and white 
roots, and the cation exchange capacity of 
clonal root system. 

R(‘d/\Miii<‘ (1. K. (1, of \vh<)I(' otiii 
f'lonc roots (W/W) sysl<'m iti in.< fj./ lOt) v;. 


TV, 

1.73 

23.39 

19 / 10/18 

2.90 

19.48 

19 / 22/1 

2.12 

20 . ( t 2 

! \ ,- 

2.92 

17.84 

r \ 

2.50 

18.47 

T\; 

2 . 3 () 

22.10 

r \ 7 

3.39 

K). 1 ! 

Lusliai 

2.99 

I8.(.l 

TVn 

1.53 

21 . 19 

280 

0.91 

28.35 

TV,, 

3.25 

1 4.()8 


1 ..58 

21.()8 

TV, 

2.08 

20.10 

14 / 0/28 

1.25 

28.41 

.\aea 

2.05 

20 . 58 
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(iv) 


Statistical analysis of the above data 
showed a highly significant positive corre- 
lation between root G.E.C. and the ratio 
of red : white roots (r*^ 0.89), equation 
being ¥=5.97 - 0.1741 X, where Y = 
red/wliite root ratio, and X=C.E.C. of 
root system in m. eq./lOO g. 

Thus it is seen that clones having 
more quantities of white roots than the 
red roots have higher cation exchange 
capacity. It can, therefore, be inferred 
that the morphological distribution of 
roots has a dominant role in determining 
the C.lvG. of clonal tea roots. From 


practical point of view, it is possible that 
predominance of white root found in 
field excavation can be an indicator of 
higher root C.E.C., i.e., liigher capacity 
to absorb nutrients. 

(iii) Investigation was also carried out to 
ascertain whether the C.E.C. value of 
whole root system compares favourably 
with the sum of the C.E.C^ of white and 
red roots estimated separately. The object 
of this exercise is to confirm or otherwise 
the accuracy of determining C.E.C. on 
the whole root system. Results of this 
investigation aie given in Table .3. 


Table 3. A comparison of C. E. C. measurements, carried out on whole root system, 
and fractionated roots. 


C. K. (1 of fractionated roots and their total 


Kstiinaled il. I*’.. (!• 


one 

1 

(m. 

nf whole 
u(t system 
eti./lOO g.). 

White roots, 
m. eq./x* g 

Red roots, 
m. eq./yi g 

Computed C'. 
of whole root 
m. rq./lOO 

2!U) 

28. 4() 

19.47/41.(1 g 

7.70 58.4 g 

27.17 

T\ , 

2-1 . 78 

18.17,40.0 

(). 5(1; (10.0 

24.74 


24.47 

17.7(147.0 

(1.94()4.0 .. 

24.(><» 

'1\’9 

24.4(1 

21.25/45.5 .. 

4.9(151.5 .. 

25.21 

r\u 

21.74 

17.20 40.0 .. 

4.91 ()0.0 .. 

21.11 

•\\\ 

20.82 

14.00 25.0 .. 

7.. 50/75.0 .. 

20.50 

i\-., 

17.(18 

12.30,29.(1 .. 

5. 85 '70. 4 

18. If) 

r\ ir> 

17. -If) 

11.44 25.0 .. 

7.. 50; 75.0 

18.44 

19/22/4 

17.44 

9.G() 17.2 

7. 70 '82. 8 

1 7 . 4(> 

Naga 

1(1. 

12.59/22.2 .. 

4. 49.77. 8 ., 

17.08 

i V:, 

15.83 

11.5(i;T(>.4 .. 

(>..52 84.(1 .. 

18.(58 

l9/l(y4H 

15.84 

8.4(1 19.2 .. 

8.91,80.8 

17.27 

laishai 

15.80 

10.42'21.7 .. 

4.8(1,78.4 . 

If). 18 

4’\*7 

14. 4() 

!1.2()'20.0 .. 

().0()'8().0 .. 

15.20 

TN'ih 

1 1.44 

8. 90/ 1(^(1 

4. 92 '83.1 .. 

12.82 


Note : 


X- (.hiantily t>f while root 
v Ouantity of Red root 


present in 100 t; whole root sysieni 
present in 100 g whole root system 


A close agreement between the C.1''..C. 
measurements on the whole root system 
and the pooled value from fraetionated 
roots has been observed, fhe statistical 
analysis shows a 67 per cent predictibility 
intlex between the two systems (r (1.945). 
i. e., either of the system will give a precise 
estimate of the root C'.I'.Ch 

Glass house facilities have been organised 
to enable growing of tea plants imcler 
artificial environment. As a next step to 


this, sand culture technique has l)een 
periected for growing clones fed with 
nutriem solutions (according to Hewitt). 
Finally, sand culture experiments in pots 
have been started to study the following 
problems : 

(a) Relationship between Ca/K supply, 
root ChE.C., and uptake of (’a and 
K by different clones ( I'Vi and fVu,). 

(b) Inlhience of ditfererU forms and rates 
of application of nitrogenous ferti- 
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liseis on the C.E.C^ values of clonal 
tea roots (TV^ and TVjg). 

Ihesc pot experiments arc progress- 
ing well, and will be continued for tlic 
current growing season. 

Studies on soil potash 

(1) Survey of the native soil potassium 
fractions 

Preliminary data ^vcIe reported in Annual 


Scientilic Report, 1971-72, page 34. For 
purpose of intensive survey ninetythree 
estates from West Bengal, and ninety 
estates from Assam have been included 
covering almost all the sub-districts. Ehese 
soils were fiactionated for three categories 
of soil potassium, namely, water-soluble, 
exchangeable and non-exchangeable forms. 
1 he suivey data are presented in Table 
4(a), 4(b), and 4(c). 


Table 4(a Regional distribution of water-soluble potassium. 






\Vat<'r snluhle potassiiini 






l.ow 

M.' 

diuiu 


High 

.Slat*' 

R*■^ion 

(0^ 

10 p.p.in.) 

(11-;^ 

) p.p.in.) 

(> 

20 p.p.in.) 



.\o. <>1 

l).c. 

No. of 

p.e. N 

lo. ol 

r p.c. 



gardens 

Ireq uency 

gardens 

lietiueiuy g 

ard('ns Irequency 

\V*'st Bcni^al 

Darjeclin*^ 

r> 

20 

12 

48 

8 

32 


Ttnai & \Vt'st< rn Dtjoais 

11 

39 

13 

;ui 

9 

25 


East«'rii Dooars 

13 

40 

13 

10 

() 

20 

.\r»san» 

Xorili Bank 

<1 

31 

13 

15 

7 

24 


South Bank 

11 

28 

20 

.52 

8 

20 

,, 

Cartiar 

a 

3() 

9 

11 

5 

23 


It appears that the distribution pattern of 
low, medium and high water soluble potassium 
tractions in West Bengal and Assam arc 
jjractically the same. In both West Bengal 


an'd Assam soils, “medium” category 
ol’ water soluble potassium predominates, 
followed by “low” and “high” categories 
respectively. 


Table 4(b). Regional distribution of exchangeable potassium. 


I.,ow 


Stat<' 

Region 

(0-40 p.p.in.) 

No. ot' p.e. 

gardens I’laquency 

Bengal 

Darjeeling 

3 

12 


IVrai & Western Dooars 

5 

14 


Eastern Dooars 

13 

41 

^'\ssam 

Xorih Bank 

9 

31 


South B.u;k 

1(1 

41 


darhar 

7 

32 


It is seen that “low” exchangeable 
potassium soils occur much more fre- 
quently in Eastern Dooars, North and 


hangeable potassiun 

Medium 
(41-80 p.p.m.) 

i 

High 

(> 80 p.p.m.) 

No. of 
gardens 

p.e. 

Irequency 

No. of 
gardens 

• p.c. 
Irequency 

8 

32 

14 

50 

20 

5(i 

11 

30 

18 

5(i 

1 

3 

18 

1.2 

2 

7 

Hi 

41 

7 

18 

10 

4.5 

5 

23 


South Bank in Assam, and in Cachar 
as compared to Darjeeling, 'Ferai^. and 
Western Dooars. I'he distribution of soils 
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having exchangeable potassium content 
above the deficiency limit of 40 p.p.m. 
is also interesting. In this respect 

Darjeeling ^ Terai and Western Dooars 
> North Bank 
= (lachar > Eastern Dooars 
- South Bank. 


I’his distribution pattern suggests that 
potash response is more likely to be ob- 
tained in the Eastern Dooars than in 
Western Dooars, Darjeeling and Terai, 
I'o confirm this field (experiments have 
been laid out. 


Table 4(c). Regional distribution of non-exchangeable potassium. 


Non-exchangrablc potassium 


Sfair 

Region 

Low 

(0-500 p.p.m.) 

Medium 

(501-l,0t)0 p.p.m.) 

High 

(> 1,000 p.p.m.) 

No. ol 
gardens 

p.c. 

Irequency 

No. of 
garden.s 

p.c. 

Irequency 

No. of 
gardens 

p.c. 

frequency 

West 

Darjeeling 

1 

4 

5 

20 

19 

76 

,, 

Terai & Wi slern Dooars 

1 

3 

17 

47 

18 

50 


Eastern Dooars 

9 

28 

19 

59 

4 

12 

Assam 

Morth Bank 

14 

48 

13 

45 

2 

7 


South Bank 

35 

90 

3 

8 

r 

2 

- 

(larhar 

17 

77 

5 

23 

__ 



'Fhe above data suggest that Darjeeling, lerai, 
and Western Dooars soils are almost similar in their 
non-exchangeable (or potentially available) potass- 
ium contents. Further, very few soils of these regions 
had non-exchangeable potassium content below 
500 p.p.m. Contrary to this ninety per cent of the 
South Bank soils are “low” in non-exchangt^ablc 
potassium content (below 500 p.p.m). 

Eastern Dooars soils, however, compare favour- 
ably with North Bank soils as far as this category 
of soil potassium is concerned, occupying an inter- 
mediate position between Darjeeling, I'erai and 
Western Dooars soils on the one hand and South 
Bank soils on the other. 

It is not yet known whether lack of respemse 
from applied potassium in our past trials concen- 
trated in Western Dc^oars and I’erai is tied up with 
the larger size of reserve but potentially available 
potassium found in these regions. However, it 
appears that field trials with potassie I'ertilizers 
sh( 3 uld be located in as much numbers in the Eastern 
Dooars as in the Western Dooars, 'Ferai, and Dar- 
jeeling K'gions, considering the distribution pattern 
of both exchangeable and non-exchangeable soil 
potassium categories. 


(ii) High level potash trials in Dooars 
and Terai 

Advantage was taken of the liigh 
level potash trials in the Dooars and Terai 
to find out the residual effects of long- 
term high level potash manuring on the 
soil potassium categories. 'Fhese trials 
were mostly located in the Western Dooars 
and Terai regions, e.g., Hansqua T. E. 
(Terai), Kumlai T. E. (Western Dooars), 
Rangamutty F. E. (Western Dooars), and 
DalgaonT. E. (Central Dooars). In these 
trials muriate of potash was applied at 
rates 0, 90, 180, 270, and 360 kg KjO 
per hectare for a period of five years. 

No significant yield benefit was re- 
corded from potash manuring. However, 
there was a significant gain in both water 
soluble and exchangeable potassium fract- 
ions in three out of the four sites. Figures 
1(a) and lib) show these effects on a 90 
cm soil j)rofile basis. Soil exchangeable 
potassium increases progressively with 
increasing rates of potash manuring at 
the three site's. Fhis is true for the entire 
profile cumulatively as well as individually 
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for all tlic depths of sampling down to 
90 cm, viz., at 0-15, 15-30, 30 — 45 and 
45 — 90 cm. Figure 1(c) shows the effects 
of high level potash manuring on the 
exchangeable potash content of various 
layers of soil at Kumlai F. E. .As expected, 
the size of the residual build up of ex- 
changeable potash decreases with in- 
creasing depths of soils which can be 
seen in Fig. 1(c). However, the changes 
of non-exchangeable potash content with 
manuring were erratic. 


HESIOUAL tKFe.cT OK HKIrt LKV£t PgfASJ 
MAMURINC ON THE UfATFP SOLUBLE 
K^O CONTENTS. 



Togklai Experimental Station 


rtg. no. EPflCt OP HIGH Lfvu POTASH HAMUHINO 
OH rXCHAMGSABLE KjO AT KUW-AI T.K. IN 
, OIPPEHENT DEPTHS OP A 90 CN. PKOPUE. 



Water soluble (immediately available) and 
the exchang(‘able (available) potash fractions 
at all the three sites are linearly co-rrelated: 

At Kumlai I'. E., Y - - 19.24 - 5.08 X, signi- 
ficant at 0.1 'h, level, 

At Rtmgamutty 4'. E , V - 44.17 ‘ 3.95 X, 
signilieant at 0. 1 level, 

At Hanscjua 4'. E., Y 29.44 2.46 X, signifi- 

cant r.t 5^5, level, 

where Y . p.p.m. exchangeable potash, and 
X p.[).m. water soluble potash. 

4his suggests that the residual build 
up of exchangeable potash due to high 
level of potash manuiing in the past 
has been etjually rellected on the labile 
pool whert' roots are directly feeding. 
However, it is surprising to observe that 
in spile ol the substantial enrichnicnt 
ol‘ lal)ile potassium pool at the disposal 
of the roots, there WcHs no significant 
increase in yield in these high level potash 
trials. It could be that the soil .solution 
composition (presence of other ions) at 
Dooars and I’erai is different from that 
of Assam, and plant root may fail to 
acquire enough potassium due to ionic 
competition. It was, therefore, thought 
nece.ssary to determine the soil solution 
composition taking soils Ifom the differ- 
ent lea growing regions. 


ng.^{b)■. RESIir.lAL EFFECT OF HIGH LEVEL 

POTASH IHANURINO OH THE OCHANCEABir 



( 32 ) 



Annual Scientific Report For 1972- 73 


(iii) Chemical composition of soil solution 

For a balanced supply of nutrient 
cations from the exchange complex of 
a soil to the growing plant, the cationic 
composition of water extract from a soil 
(i. e. the intensity I’actor in the delivery 
of nutrients to the root surface) plays an 
important role. For the purpose of de- 
termining the cationic composition of 
soil solution, soils from fifteen tea estates 
in Dooars and seventeen tea estates in 


the South Bank were utilised. Air-dried 
and .sieved soils were saturated to field 
capacity moisture levels with deminera- 
lised water in pressun^ plate apparatus, 
kept overnight, and soil solutions from 
saturated soils were extracted at 1/3 rd 
atmosphere which were finally analysed 
for potassium, sodium, calcium, and 
magnesium {i.c. the cationic compostion). 
Results of the analysis are gi^en in 
Fable 5. 


Table 5. Chemical composition of soil solution. 


(’hciniral conipositicm, inilli equivalent per 100 g soil 

Area tea disirirt - — •- K Xa K'C’.a K/Mg 

Po(assiiiin(k) Sodium (Xa) Calcium (CJa) Magnesium (Mg) d'otal 


West Bengal 

Kast<‘rn Dooars 

0.023 

0.122 

WestcTii Dooars 

0.037 

0.330 


flentral Dooars 

0 . 020 

0 . 205 


Average 

0.027 

0.219 

South Bank 
ol Assam 

Di))rugarh 

0.010 

0.083 


Na/.ira 

0.003 

0.079 


J orb at 

0.013 

0.051 


Golaghat 

0.000 

0.034 


iVowgong 

0.000 

0.045 

- 

.Average 

0.009 

0.058 


It is seen that West Bengal soils 
contain almost three times total cations 
in the soil solution compared to the .\ssam 
South Bank soils. 'Fhe increases of potass- 
ium, sodium, and magnesium in West 
Bengal soils compared to those in Assam 
have been found to be threefold, fourfold 
and twofold respectively. However, cal- 
cium content of soil solution in West 
Bengal is, on the contrary, much lower 
compared to those of Assam. As far as 
the cationic ratios are concerned, K/Na 
and K/Mg ratios in the two regions 
have been fi'und to be practically 
same, whereas a large difference has 
been noted in K/Ca ratio. K/Ca ratio 
in West Bengal soils is about four 
times than that in Assam. 

It could be that the presence of 
appreciably higher quantities of sodium 
in the soil solution under West Bengal 


0.018 

0.004 

0 . 1()7 

0.19 

1.28 

5.75 

0.010 

0.005 

0 . 388 

0.11 

2.31 

7.40 

0.014 

0.004 

0.243 

0 . 10 

1.43 

5.00 

0.010 

0.004 

0 . 2 r )() 

0.13 

1.67 

6 .05 

0.030 

0.002 

0.131 

0 . 12 

0.28 

5 . 00 

0.035 

0.002 

0. 125 

0 . 12 

0.26 

4.50 

0.049 

0.00 2 

0.115 

0 . 2 (’) 

0.27 

6.50 

0.022 

0.001 

0.063 

0 . 18 

0.27 

6.00 

0.049 

0.002 

0.093 

0.13 

0. 15 

3.00 

0.030 

0.002 

0 . 105 

0.16 

0.25 

5.00 


conditions 

might effect 

availability 

of* po« 


tassium due to ionic competition, although 
K/Na ratio has been found to be constant 
in both West Bengal and Assam. Intensive 
work carried out in other countries has 
shown that potassium availability con- 
cerns competition between potassium and 
other ions in soil solution (e.g. Na, C'a 
and Mg) for positions on the plant root 
than with the absolute activity (or con- 
centration) of potassium ions in the soil 
solution. 

Field experiments to assess the impor- 
tance of ionic competition vis-a-vis potash 
response in West Bengal arc in progress. 

(iv) Free energies of ion exchange 

An universally applicable test for 
soil potassium status has not yet been 
devised for the entire North East India 
tea areas, but attempts are being made 
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to base soil potassium testing on a lirmcr 
and less empirical foundation. The forces 
with which potassium ions arc held to soil 
colloids have not been studied in the 
past, but there is no reason why difl'ercnt 
soils (West Bengal and Assam) should 
hold potassium with the same intensity 
or bonding energy. 

Measurement of standard free energy 
of ion exchange (/\ I' ~ 1364 log *c» > 
where ak and aca express the activities 
in moles per litre of potassium and calcium 
respectively on the equilibrium soil solu- 
tion) offers us a function which is strictly 
based on intensity (or energy) measure- 
ment and is not tied to any arbitrarily 
determined category of soil potassium. 
Since this parameter has unequivocal 
significance in defining the initial ionic 
environment of plant roots, energy of 
exchange for the replacement of calcium 
by potassium (/\ F) has been computed 
from the cationic composition of water 
extracts of thirtytwo estate soils (eighteen 
from West Bengal and fourteen from 
Assam). Both in West Bengal and Assam, 
A F values were found to vary between 
limits — 3,000 to — 4,000 calories per g. 
equivalent, in spite of the differences 
in potassium and calcium concentrations 
of the soil solutions (c. f. chemical compo- 
sition of soil solution reported earlier). 
It has been reported by earlier investi- 
gators in other countries that for balanced 
supply of potaSsiutn and calcium from 
the exchange complex of soils, energies 
of exchange ( /\ F) should lie within 
limits — 2,500 to — 3,000 calories per g. 
equivalent. 

I'he changes in energy of exchange 
of both Dooars (Baradighi) and Assam 
South Bank (Borbhella) soils with the 
addition of various levels of fertiliser 
potash were then examined, with a view 
to find out whether soils of both regions 


show similar rate of change or otherwise 
of the free energy parameter (A 1") 
with manuring. Results are shown in 
Figure 2, which suggest that the rales 
of change of A f with potash manuring 
at both sites arc virtually same up to the 
maximum limit of application of 1,500 
kg K/ha. it, therefore, appears that both 
Western Dooars and Assam South Bank 
soils hold potassium (native or applied) 
with the same intensity or bonding energy. 

Fl«.2i CHAMGES IN FREE ENERGY (A DOT 

baradiqhi a borbhetta soils in 



(v) Seasonal fluctuation of soil potash 

Seasonal variations of s(ul potash 
in the Assam experiments have been 
repoited in our Annual Scientific Report 
for 197D72, pages 34-35. During 1972/73 
top soil (0-15 cm) sampl(‘s from a long 
term manurial trial at Baradighi V. E. 
were analysed at monthly intervals to 
determine seasonal fluctuation of ex- 
changeable potash under Dooars condi- 
tions. Sampling was conlined to top 15 
cm only, since it has been ol)ser\ed earlier 
in Assam trials that changes in soil ex- 
changeable potash h)llo\v the same trend 
for top and sub soils, f ig. 3 shows the 
trend of seasonal fluctuation ol exchange- 
able (available) potash under Dooars 
conditions, both (or manuied and un- 
manured soils, 
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It is observed that during the dry 
period (November to March) available 
potash content of soil increases as has 
been I'oiind out in Assam (reported last 
year). In tlu‘ manured soils peak rise 
takes place in May and, thereafter, a 
sharp decline takes place until August. 
Between August and November the avail- 
able soil potash virtually remains un- 
changed. The unmanured soils also show 
a similar declining trend between May 
and August, with very little change 
iherrarter until November. 

It appears that under Dooars con- 
ditions soil sampling for available potash 
should l)est be confined to the period 
August to December which compares 
fiivourably with the period of sampling 
recommended ibr Assam (i.e. August to 
Januarv) in the last Annual Scientific 
Report. 

Further, for a period of four months, 


and this is only possible by confining 
sampling in wet periods during August 
to December months. 

Table 6. Increase of available potash in Baradighi 
experimental soils due to laboratory drying 
at room temperatures. 


Rate of potash 
application 

Single or split 
application 

Percentage increase of 
available potash due to 
drying of soils 

200 

Single 

application 

21 


Two equal 
application 

19 


Four rqual 
apj^lication 

19 


Eight equal 
application 

22 

>> 

Mean 

20 


Studies on liming 

I.ong-terni experiments of the Advi- 
sory Department located at Cinnarnara, 
Meleng, and Gingia tea estates were 
taken advantage of to find out the physico- 
chemical changes in soil due to liming at 
the end of the expeii mental treatments. 
Results arc shown in Table 7(a). 

'Fhe data suggest an increasing trend 
of sodium, calcium, and magnesium ions 
in the soil exchange complex, and a 
decreasing trend of potassium ions. Both 
the percentage base saturation and the 
pii value increased linearly with liming, 
and as expected these two parameters 
are well correlated. 


i.e. from June to September, soils from 
all the sixty-four plots of Baradighi trial 
were analysed for available potash both 
under dried and undried conditions. The 
dried soils consistently yielded higher values 
of available potash than the moist soils. 

The results are shown in 'Table 6. 

It appears that for obtaining more 
accurate measure of potash availability, 
soils are to he kept moist until analysis 
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The dfect of liming treatments on 
the cationic composition of soil solution 
is shown in Table 7(b). 

Calcium ions in the soil solution 
increased significantly as a result of liming. 
Potassium ions, on the contrary, decreased 
significantly. Both the increasing effect on 
calcium, and the decreasing eft'ect on 
potassium have be en found to l)0 progress- 
ive with the increasing rates of' application 
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of lime. The negative relationships between 
calcium and potassium of the soil solution 
in the three liming experiments have 
been found to be statistically significant, 
and arc described by the following equ- 
ations : 

(a) At Cinnamara 'l\ E., Y ^ 0.0 N 0.0435 X, 

r-. - 0.9912 ♦** 

(b) At Melcng T. E., Y 0.016 -0.0786 X, 

r - 0.9062* 

(c) At (iingia T. E,, Y - 0.025-0.1404 X, 

r : - 0.9221**, 

where X — milli equivalent calcium per 
100 g soil, 


and Y — milli equivalent potassium per 
100 g soil. 

It appears that the displacement of 
potassium l)y added calcium from the 
soil exchange complex resulted in lesser 
competition between potassium and other 
ions in soil solution for positions on the 
plant loot. As a consequence of this 
phenomenon, soils under limed series 
have been depleted in soil solution pota- 
ssium either due to uptake by tea or due 
to losses h) natural leaching process, 
hurt her studies on uptake are in progress. 


Table 7(a). Changes in physico-chemical properties of soil exchange complex due to liming 
(data mean of three trials). 


Mxchangcable cations 



Treaiiiunts 

(milli equiv’alenl per 

K Na (’.a 

100 g) 

Mg 

i’l : 

No. linu* 1 100 .N/'ha 

0.070 

0.205 (I.OOC. 

0.0! 1 

To : 

(S.O.A.) 

Lime 2 t/ha ! 100 kg .N/ha 

0.080 

0.210 1.740 

0.045 

f 3 •• 

(S. O. A.) 

Lime I i/ha | 100 kg N/ha 

0.01)4 

0.2L5 2.927 

0.0 L2 

lY : 

(S.O.A.) 

No. lime ' 200 kg N/ha 

0.087 

0.2L5 O.OliO 

0.005 


(S. O. A.) 

Lime 2 tOia i 200 kg .N/ha 

0.074 

0.220 l.42(» 

0.022 

I'e •• 

(S. O. A.) 

Lime 4 t/ha j 200 kg .N/ha 

0 . 0(J0 

0.24.5 2.754 

0.028 


lVrccnlaj{r l>asc saturation ol II 

the soil exchange complex (water extract) 

total 


0.892 

22.14 

4.48 

2.095 

19.02 

5.12 

4.277 

(>9.(>0 

(i.Ol 

0 . 907 

24.75 

4.40 

1 .(ill 

10.52 

4.89 

4.()7() 

71.()1 

5.80 


Table 7(b). Changes of the cationic composition of soil solution due to liming 
(data mean of three trials). 


IVeatmcnts 

K 


I'l : .\ .. limr I 100 kc/ \/lr. (.S. O. A.) O.Oll 

t o : bime 2 t/ha ! KK) N/ha (S.O. A.) O.OOU 

I’a : Limr I t/Iia • 100 kj? X/ha (S.O.A.) O.OOa 

I', : No. lime ' 200 kij N/ha (S.()..\.) O.Oll 

: f.imr 2 t/ha I 200 k- N/ha (S.O.A.) 0.000 

l^ime tt/lia J 200 kir N/ha (S.O.A.) O.OO.a 


Studies on soil phosphate 

fi) Fractionation of soil phosphate 

A wide range of variations in total 
and different soil phosphate fractions have 
been found in our prelinihiary study 
('see Ann. Kept., 1971-72, p. .3.3). For 


Clalionie ( < 

)uip(>sit ion 

of soil soluli 

iou 



(milli 

ecjuivalciit 

per 100 g) 



N 

'a 


fla 

Nfg 

r 

otal 

0. 

149 

0, 

, OH 1 

0.002 

0, 

.244 

0. 

L54 

0. 

,121 

0.004 

0 

. 289 

0, 

.129 

0 

.174 

0.004 

0 

.411 

0. 

151 

0, 

,089 

0.002 

0. 

,254 

0. 

148 

0. 

1()() 

0.002 

0. 

2(il 

0. 

130 

0. 

104 

0.002 

0. 

400 


gaining precise knowledge, this study 
was, therefore, inteusificd during the last 
year, and a total of ninety soils covering 
both West Bengal and Assam tea districts 
have been fractionated for various native 
forms of soil phosphates. 
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Areas covered by the survey with 
sampling sites are as follows ; 

Number of 


State Region T ea District sampling sites 

Assam South Hank l)il)rugaih 10 

,, ,, Sibsagar !> 

,, Jorhat H 

,, (jolaghal 4 

,, ,, Novvgong 3 

,, Noitli Hank T'e/.pore 7 

Mangaldai 5 

,, IS’orlh 1-akliimpiir 3 

,, Caehar Sib bar H 

,, Kariiiigainj 5 

i llailakamli 2 

NVesl Hengal Dooars Jalpaiguri 10 

,, ,, Alipurdnar 5 

,, DarjiM'ling Kuiseong 3 

& Terai 

,, „ Dai jeeling 0 

T'erai 3 


Total 00 

dhe SUWON results, by and large, 
conliriu preliminary observations given 
on p. 33, Ann. Sei. Kepi., 1971-72. How- 
ever, the main conclusions are us follows : 

(a'l rite range of variation ol' total as well 
as dilferent forms of soil |)hosphaie 
in dillerent regions is lather wide, 
and no well-marked regional distri- 
l)ution pattern has been found. 

(b) Jn general West Hengal soils art* 
higher in total, organic, as well as 
various forms of inorganic phospliates. 
Further, the calcium phosphate (ra- 
etion has been found to be mtich 
higher in Dooars than in Darjeeling. 

(c) As far as the Assam soils are concer- 
ned, variations either in total or the 
individual phosphate Iractions within 
the different tea districts are of little 
practical signilicance. Soils ol the 
Mangaldai district have, however, 
the highest total and organic phos- 
phatt* contents. 

(d) Aluminium phosphate constitutes the 
lowest fraction of the total inorganic 
phosidiales present in our soils irres- 
pective of the regions. 


(e) Organic and reductant soluble phos« 
phate together constitute the major 
portion (about 60 per cent) of the 
total phosphate, although from the 
nutritional point of view the reductant 
soluble phosphate (coated with iron 
oxide) has no significance. Organic 
phosphate alone constitutes 27 to 
56 per cent of the total phosphate in 
our soils, and can be an important 
potential source of phosphorus under 
tea growing conditions where mine- 
ralisation proceeds at a fa^^t rate. 

(f; I'he average percentage distribution 
of the three other inorganic forms 
of soil phosphate has been found to be: 

Aluminium phosphate : 4 - 10 per cent 
Iron phosphate : 10 - bS ,, 

C^alciuni phosphate : 5 - 20 ,, 

During the course of soil phosphate fractionation 
studies, correlations between the different phosphate 
fractions as well as lietween phosphate fractions 
and other soil lactors wen* investigated. It has been 
found that ahiminiuin phosphate and the *‘a\ ail- 
able” phosphate i determined by the lhay’s extract- 
ion procedure), as well as the organic phosphate 
and the organic carbon are pcisitively (orrelatcd. 
d'he relationships were linear and the goodness of 
fits were found to be highly significant (P^ 0.001, 
r- — 0.73 between aluminium phosphate and “avail- 
able” phosphate, and r- ^ 0.70 between organic 
phosphate and organic carbon). 

(ii) Effect of superphosphate manuring 
on the soil aluminium phosphate 
fraction, exchangeable aluminium, 
and pH 

Since soil aluminium phosphate ana 
the so-called ‘‘available” soil phosphate 
are linearly correlated, it was considered 
necessary to find out what happens to 
the aluminium phosphate fraction with 
long term manuring of single superphos- 
phate. For this purpose soil samples from 
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plots receiving superphosphate at various 
levels in two long-term N.P.K. experi- 
ments of Agriculture and Advisory De- 
partment were collected and analysed. 
'I'hese experiments are located at Bor- 
bhetla (B. 105) and Kalchini (D.l) re- 
presenting sandy loam and silty loam 
types of soil respectively. Results are 
shown in Figure 4(a), 4(b), and 4(c). 


It is seen that, irrespective of the sites, 
aluminium phosphate increased progress- 
ively with the increasing levels of appli- 
cations of superphosphate, whereas the 
exchangeable aluminium content of soils 
sliows a declining trend (Figs. 4(a) and 
4(b ) ). The decrease of exchangeable alu- 
minium content is lurthcr associated with 
an increase in yjH value of soils (Fig. 4(c) ). 


FLg.4 I a) ; EFFKCT OF LONG-TERM 
SUPFJiPHOSPHATE MANURING 
ON SOIL aluminium PHOSPHATE 
FRACTION. 


Fi«- 4 tb):OT 2 CT OP LONG-TERM 
SUPERPHOSPHATE MANURING 
ON SOIL EXCHANGEABLE 
ALUMINIUM CONTENT. 


Fi«.4lc)-. EPPeCT OF long-term 
supf:rphosphate manuring 
ON pH CONTENT OP SOIL. 




se 

X 


LEVELS Of SUPERPHOSPHATE 
AS KO PpOr/HA 


LEVELS OF SUPERPHOSPHATE 
AS KG P2O5/HA 



0 45 90 135 

LEVELS OP SUPBRPHOPHATE 
AS KG P2O5/HA 


Studies oil soil aluminium 

Tea soils are highly acidic, and pH values as 
low as 3.6 aie not uncommon. Although it is known 
that exdiangeai)le aluminium content increases 
with increasing soil acidity, precise information 
is lacking regarding exchangeable aluininium 
content of tea soils and its relationship with 
soil pH. 

Soil samples fii)m dillerent tea growing regions 
weie analysed foj- pH and exchangeable aluminium 
(onlenls, and their relationsliip was statistically 
examined. 4 he curvi-linear l egiession of the soil 
■pH values on the soil exchangeable aluminium is 
negative, and the goodness of fit has been found to 
he statistically signilicant (P 0.001, r^ 0.65). 
The ecpiation relating soil pH to exchangeable 
^dumininm is: 


Y - 1 1.76724 log ( X i 1) I- 6.2826 

wlicre V pH value of soil water 
extract, 

and X soil (‘xchangcahle aluminium. 

It appears tliat in the pH range (i.O to 4.7 when 
(‘xchangeahle aluminium liL'ciaies at a slow rate 
(0 100 p.p.m.i the rate ol decicase of pH is ' cry 
last, whereas in the pH range 4.7 to 1.1 when ex- 
changeable aluminium libeiates at a laster rat(‘ 
(100-550 p.j).m.) the rate of decrease of pH is rather 
slow. pH range 6.0 to 4.7 (oncerns slightly aindic 
soils and pH range 4.7 to i. 1 eoneems highly acidic 
soils. 

It is woi lh mcnlioning here that the exchangeable 
aluminium (ontent ol' highly acidic soils and plucked 
slioots can lx; as high as 1,000 and 500 p.p.m. ics- 
pcctiveiy. 'Fhe role of aluminium in the nutrition 
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ol tra lias not yet been worked out, but the abun- 
dance of aluminium in the soil solution of highly 
acidic soils may have a controlling influence on the 
availability ot phosphorus. 

Studies on biuret content of Urea 

Urea sources were prepared in the laboratory 
which contained 1, 2, 5 and 10 per cent biuiet. Afa- 
tme tea bushes were sprayed at fortnightly intervals 
with each of these sources at 4 per cent spray fluid 
concentration for a period of two and a half months 
to give a total of 75 kg nitrogen per hectare in live 
rounds of spray. 

Mature tea leaves f4th to (ith) were plucked at 
an interval ol one week alter each spraying, refluxed 
for one hour with disiilled water, and the infusions 
Aver(‘ analysed for biurcU content. Biuret could not 
lie detected in the infusion even after live rounds 
of spraying. Toxicity symptoms could not also be 
detected in the held. 

further, this investigation was extended to find 
out whether presence of biuret in urea exerts an 
inhibitory elfect on the absorption of nitrogen (Irom 
uvea) l^y tea plant. Tor this purpose 4 per cent 
solutions of urea containing 0, 1,2,5 and 10 per c('nt 
biuret were rubbed on both surfaces of third leaves 
of young shoot of a tea bush for a period of one week. 
After a week these leaves as well as uiea untK'ated 
leaves of sanu' age were collcct(‘d honi the same 
f)ush, washed thoroughlv to remove unabsorbed 
surface urea, and their nitrogen contents determined. 
Residts are given in 'I able H. 


Table 8. Nitrogen content of third leaf of young shoot 
treated with urea solutions of varying 
biuret contents. 





l’crc< ritagc niiro 

T’lcalinciil.s 

l)(Mails 


gen on dry wt. 




basis 

Ti 

Not trc.'Uixl with urea 


2.73 

4-2 

l'i(‘a((’;l with 1% urea 




solulion (l)iurcl I races) 


3.18 

^ 3 

ri('al('(| widi 1% urea 




solution, containing 1 

biuret 

3. lb 

* i 

rK'.Ucil with 1% urea 
solution, fontaining 2^),, 

biuret 

3 . 0 a 

'I 5 

'rreated with 4‘\, ur<‘a 




solulion, containing f)^,, 

l)iuiTt 

3.24 

1 fi 

I’rcatcd with nrca 




solution, containing 10*’ 
l)iiir(‘t 


3.28 


Trom the above observations, it appears that 
the total quantities of biuret supplied to tea through 
foliar spray are insuflicient either to produce 
visible toxicity symptoms or to inhibit nitrogen 
absorption from applied urea. Further studies arc 
planned on the effect of biuret contamination on 
nitrogen utilisation by tea. 

Studies on soil nitrogen 

Nitrogen releasing characteristics (>f a sandy 
loam soil at various levels of nitrogen lertilisadon 
hav(! been studied in the laboratory niilising both 
a(‘robic and anaerobic incubation techniques. The 
fertiliser nitrogen treatments were no nitrogen ( T^), 
60 kg N/ha (T,) 120 kg X/ha Ci\), and 180 kg X/ha 
( 1 1 ). Ammonia and nitraU' nitrogen in soil w ere 
estimated at fortnightly intervals for a period of 
about two and five months for anaerobic and aerobic 
incubation respectively. There has not been any 
significant variation in the nitrate release from soil 
under any of the treatments over the period of five 
months aerobic incubation. I'or anaerobic incuba- 
tion, liowever, the release of nitrogen from soil will 
only be in the foi*m of ammonia. The results are 
shown in Figs. 5(a) and 5(h). 


u, w 

3 X 


KITKOGEH RIUASINO CHARACmi ST1C8 
OF A SANDY LOAM SOIL UHDDl AfUOllC 


< a 
u o r 



Plfi.5(b)! NITROCBM RELEASING CHARACTEKISTICS OF A * 
SANPY LOAM SOIL UNDER ANAEROBIC CORllIYlON 



PERIOD OP INCUBATION DAYS 


It appears that peak mineralisation of applied 
or native nitrogen lakes place within two weeks 
under aerobic condition (Fig. 5 a) ). Subsequently, 
releaa" at this peak rate coniinues up to eighth or 
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tenth weeks for low and high levels of nitrogen 
fertilisation respectively. I hereafter, the rate of 
release steadily declines becoming negligible at the 
end of 3, 4, and 4| months hn- GO, 12b and 180 kg 
N/ha respectively. 

The pattern of ammonia release under anaero- 
bic condition suggests that mineralisation peak is 
also reached within 2-3 weeks as has been found 
with aerobic incuijation, but tlie release is not sus- 
tained foralong period (Fig. o^b) ). In (act in about 
twe^ to two and a half months time release l)CComes 
negligil)le. 

C'.onsidering the growing season of tea in Xoi th 
East India (about nine months) and (he pattern of 
mineralisation ol applied oi’ fiative nitrogen und(‘r 
both well-drained (aerobic! and water-logged 
(anaerobic) conditions, it appears that nitrogi-n 
availability is not sustained. 

Flirt h(‘r studies on nitrogen uptake by tea in 
relation to its availability in soil are in progress. 

Residue test for weedicide 

'Ihe arsenic residue proldern in tea (]ush(‘s and 
soils due to application of .\nsar 529 (MSM.V) 
as a chemical weed-killer was investigated. 'The 
Silver diethyldithiocarbamate (SDDC) method was 
adopted for tlu* determination o( arsenic'. Arsenic 
generators, as required by this method, have been 
designed and fabricated locally. 4’he standard curve 
for trace arsenic analysis rnethanearsonic acid 
(MSMA) was established by absorptiornelrv at 
540 npx'. lire lower limit of cleteclion was found 
to be 0.25 ;ig of As or 0.05 p.p.rn. (or a 5 g sample. 
'Fhe irerccntage recovery of added arsenic by this 
method has been shown in Fabh' 9. 

Table 10. Percentage frequency 
India tea areas. 


Table 9. Arsenic recovery by SDDC method. 


Micro-gram arsenic added 
(as Irioxide) to dri(‘d & 
powd<*rcd tea leaf sample 

Micro-gram 

arsenic 

r>»covcrcd 

Percentage 
rcco\ ery 

(1 . 50 

0.45 

90 . 0 

1.50 

1 . 35 

90.0 

2.00 

1.75 

B7.5 


Altogether thrci* hundred and seven tea samples 
from diderent held experiments with Ansar 529 

have been analysed (or arsenic residues. Fhe re- 

sults suggest that there was practically no residue 
build up of arsenic in plucked tea after' one year's 
irse of .\nsar 529. 

SOIL PHYSICS 
Drainage investigations 

(i) Soil texture and Permeability 

Prr'lirninary results of reconnaissance 
texture ‘survey carrit'd out in the Sorrth 
Bank ol Assam have beiti rt*ported 

la^t vear (Ann. Sci. Kept., 1971 72, 

p. 37 i. '('he sur vey was intensificxl 
and (‘xtended to coverall the tea growing 
regions ol .\orth (vast India with an aim 
to d(‘tci'inine the lir'qucncy distribution of 
different texture classis. f’or this purpose 
samples were drawn Irorn one hirndrcd 
and. thirlynine tea estates with the 
Idllowing distribution pattern : 


•Stare Region No. ol esUiU s 


Assam Souih liank 45 

,, Xortli Bank 25 

(lacliar IH 

Wist Bi'ngal Dooars Iki 

I)aiie<‘ling & .\oiili I'cMai IB 


On the basis of the results ol ti xture 
analysis, percentage freqrtcncy of occurr- 
ence t)f th(' various texture classes were 
calculated which is shown in Talrle 10. 


of occurrence of different texture classes in North East 


Tea Area 


l’<' xtut<' cl asses (data in pciccnlagcs) 

(.oainy sand Sandy loain T.oain Sill loam Silty clay loam 


-North I'ast India 7 

Assam •> 

West Bengal K', 

South Bank nil 

.North Bank H 

(ladiar 

Dooars j; 

Darjeeling and North I'eara' 45 


32 

22 

3ti 

3 

3« 

22 

33 

5 

22 

20 

42 

nil 

33 

25 

42 

nil 

IB 

20 

24 

nil 

:;t 

22 

22 

22 

It) 

19 

59 

nil 

35 

20 

10 

nil 
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It is sren from tin* sui\’ey data that tlie majority 
of tea soils in North East India Ixdong to the three 
main tixtural types viz, sandy ioani, loam and silt 
loam. However, cei lain regional chai arteristics have 
l)(‘en (d)servcd whieh are : 

fa) ()eeurrene(‘ of sandy type floamy sand 
and sandy loam) ol soils in larger propoi tion 
in North Bank than in South Bank, which 
could he due to the exisUTiCe ol Bishnauth 
sand series. 

(h) Occurrence ol' a fairly good percentage of 
silty clay loam type of soils in Oaclier l)esidcs 
the three main textural types. 'I’his could 
he due to th(‘ presence' of so-called ('lay 
Hats. 

fc) Occurrence of a large perceniage of silt 
loam type of soils in Dooars, 

(d) Occurrence of a very large percentage of 
sandy type (loamy sand and sandy loam 
in equal j)r()por tion i of soils in Darjeeling 
and North d’er'ai. 

In Nh'morandunr No. 28 on drainage' of tea 
soils, live' arhitraiy te'xturc: classe's have heen consi- 
der e'd irt the ahsence of precise data on the textural 
properties of N. E. India tea soils. It may he' possible 
to detennim* hoth s er tical inter \ als ol' contour dr ains 
for safe disposal of storm water and, horizontal 
spacing of additioiral contour drains to control 
water table on tire basis of only three main textur’al 
types which cocer majority of our tea ar eas. 

I'’urther, the present sitrvey suggests that classili- 
cation of soil series is irror e irrrportant than accepting 
the so-called soil types (enunciated by H.H. Mann) 


for drainage purpose. The summation curves pre- 
pared from texture data ol soils belonging to Mann's 
type like Red Bank (Dooarsj, Mai sand (Dooars), 
and Grey silty loam (Dooars) arc presented in Fig. 
6. Ihc crrrves show that within a soil type there 
may be considerable variations in the' distribution 
of the mechanical fractions like sand, silt, and clay, 
which calls for identiheation of soil series threnigh 
large-scale survey. 

aj»(WAT10N rijirvr'^ OK TEXTURt DaTa KROM 
DIFFERENT SOI L TTPES 

'SAHtly Lo** •Louis -Silly Lo.^ 

RED BANK “Ai- SAMP oirrr SILTt LOA-A 
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Preliminary results on the permeability of South 
Bank soils and horizontal sj^aeing between the two 
snbsidary drains have been reported last year (.Ann. 
Sei. kept., 1971/72, p, 38-39). This work was fnrthe'r 
extended to rover as much tea areas as possible 
vvitlr a view to establish permeability range for 
individual textural types, as well as to verify the 
validity <>1 the drain spacings given earlier (.\nn. 
Sei. kept., 1971/72, j). 39) Ixised on the Sonth Bank 
data. 

For this purpejsc about twenty estates under 
each texture class were randomly selected covering 
the entire tea giowdng regions of N. E. India and 
tested for permeability. Results ate given in Table 1 L 


Table 11. Permeability range of tea soils (K data expressed as meter per day where K permeability). 






"IVxtural types 



REGIONS 

Loamy sami 

Saiuly loam 

I 

.oani 

Silt loam 

\<». of 

Ranine of 

Nm. of 

Range ot' 

No. of 

Ran|a;e of 

No. (d 

Ramje of 


(‘Stales 

K 

estates 

K 

estates 

K 

estate's 

K 

South Bank (.Assam) 

a 

1.40 3.7.5 

B 

0.89-1.19 

5 

0.03 0.74 

5 

0.30 0.52 

Noi'lti Bank (.Assam) 


1.7B 3.11 

ii 

0. 89 -1.25 

5 

0.57 0.75 

5 

0.21-0.30 

Clachar (Assam) 

1 

2. (it 

5 

0.90 -1.2(» 

3 

0.57 0,74 

2 

0.21-0.45 

Dooars (West Bt'iigal) 


1.43 2.23 

\ 

0.85-1.29 

4 

0.57 0.75 

8 

0.15 0.51 

Darje eling and North IVrai(\\ ( s 

( Ih'iiual) 10 

1.35 4.1(i 

3 

1.05—1.20 

0 

0.(i5 0.74 

I 

0.51 


( n ) 
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The range of permeability betwccfii regions 
under any one texture type does not practically 
\ary and, as such, mean values of permeability Ibr 
each texture class (an be accepted with reliability 
for detei ruination of horl/ontal sjracing o( iield or 
secondary drains to control water table. Meair 
values of permeability in rn day have been calculated 
as 3/10. 1.06, 0.67, and 0.33 for- loamy ‘•and, sandy 
loam, loam, and silt loam r-espectively which ( ompar e 
favour abl\ with South Bank data reporied earlier 
f.\rm, Sci. Kept., 1971 72, I able 6. p. 39). 

(ii) Run-off and Erosion studies 

Soil and nutrient losses from erosion 
plots of different slopes ha\'e been re- 
ported last year (Ann. Sci. Kept., 1971/72, 
j). 10;. Run-off mcasurerrrents were re- 
corded throughout the wet period ol 
1972 at both 'focklai and Xagrakata with 
a vi(wv to establish relationship between 
slope, rainfall intensity, and the total 
run-off. 3 he rt'laiionships have Ireen 
found to be inconsistent indicating a need 
to improve our technique of measure- 
ment for whidi automatic run-oR rc- 
corxlers have to be |)rocured. 

However, advantage was taken 
during 1972/73 dry period to find out 
the differences in moist ur(‘ content ol 
30 cm soil profiles in mulched arrd un- 
rrrulchrd plots. Resirlts are showrr in J''ig. 
7. It is seen that the mulched plots had 
about 0.6 inches per acre foot more rnois- 
lirrc tharr the unmulched plots durirrg 
the rairrless period of' January to March, 
1973. 

Studies on water table 

It has been mentioned in Ann. Sci. 
Rept., 1971/72, p. 44, that observations 
oir the growth of tea and, f)hysieo-chemi- 
cal changes of soil iir ('xperirnerrtal tanks, 
where water tables have been kept fixed 
al 4.3, 90 arrd 133 cm, are progressirrg. 
Some of the inter estirrg ob.ser \ ations ar(! 
given below' : 


Fig. 7: MOISTURE COMTBNT OF, MWUlHED 
UNMULCHED PLOTS DURING '.972/73 
DRY PERIOD. 



(a; 3’ield : 4)ala on ihe relationship 
i)elween yield and depth ol water’ 
table arc shown diagiarnatieally irr 
fig. <>(a). It is eleaiK s(‘('n that 
wh(‘n water (able is kept lixtd at 
43 cm liorrr the snrfac(‘, yielding 
capacity ol the tea bushes, irres- 
peetiv(‘ of the clonal dillererree, 

. tails oil very significantly as compared 
to those bushes which are grown 
with water tabh's either al 91) or 
133 ( rrr from the surface. 

(1)) Xuliient.s : It appears that reduced 
.soil eonditiorrs, when water table 
is lixed at 43 (rrr from the surlace, 
I'esults in decreasing the acidity status 
of soil layers above th(‘ water table. 

I his could be due to the liberal ion 
e)f arurnouia from applied (^r native 
uilr’og(Mi sources. 

As far- as the nutrient ehanges are 
concerned, it appears that: 

(i) nitrate content of each 13 cm layer of 
soil down to 43 cm increases with the 
increasing depth of water table frorrr the 
surface. Jt caii, iheiclbre. be inferred 



TOTAL MOHThLY YIELD OF PLUCK EJ) SHO^ 
(N C/PER TANK 


Anm’al SciEMiMc Report For 1972-73 


that with good drainage (i.c. increased 
depth of water table) nilrifi-cation will 
be encouraged. 


n«.6(a):REUTI0NSHIP BETWrEJI YIELD AND 
DEPTH OF ground WATER TABLE EXTERl- 
MENTAL TANKS. 

4^ (.jn from the surface 

90 c« from the surfaca 

135 cm from the aurface 

NoteiTippinf started from July 73. 



1972-73 both by the gravimetric and the tensio- 
metric procedures. I'ig. 8 (b) shows the moisture 
stains of mulched soils under the influence of 
varying ground water tabhrs. It appears that 
surface mulching resulted in minimum depletion 
of top soil moisture, irrespective of the depths 
of water table, during the dry period (i.e. be- 
tween December and April). However, direct, 
contribution of moisture from the ground water 
table to the surface soil has been found to be 
remarkable, for example, at the end of the dry 
period, i.e. in April, soil water content increases 
by 0.4 inches pei acre foi evciy 43 cm rise in 
ground water fable. 


t'ti.tiibj MOIJJTUHi: 5TITUS Or iwlchep 
sons UKAU THI INPLUEKCF OP 
VARYIHC CROVMD WATFR TABLES. 







(ii) it appeals tliat under reduced soil con- 
ditions phosphate solubility increases, 
and, as a result, more soil phosphate is 
leached out of the root zone. 

(iii) it appears that under reduced soil condi- 
tions exchangealile manganese increases 
and, exchangeable aluminium decreases. 
T he increase of exchangeable manganese 
could be due to the reduction of ledueiblc 
manganese fi action of soils which is nor- 
mallv unavailable. I he decrease of ex- 
cliaiigeable aluminium is tied up with 
the 1 eduction of soil acidity. 

(c) ^^oisture : Kxyjerimenlal tanks ^vere mulched 
iti October, and the influence of fixed water 
tables on the top soil moisture eontent was follow- 
ed at weekly intervals during the dry period of 


Studies on transpiration 

4 'ranspirati(>nal losses of soil w'ater Ijy clonai 
tea was estimated using sleeved plants which were 
maintained at tluee moisture regimes viz., field 
capacity, 3 ' 4 th held capacity, and \ held capacity. 
For this purpose tw'o year old IVj, 1 Vg and S 3 /A 3 
(Jorehaut lea Co. clone) clones wck' used. Weekly 
transpirational loss per plant was recorded during 
the drv period from Jannarv to .\pril, 1973. I'hc 
pattern of transpirational losses of soil water by 
clones under dilferent moisture regimes, as indicated 
by this preliminary study, is shown in log. 9. It 
appears that clone I Ak, transpires significantly 
highci (juaniities of water than TV, or S-^ Ag when 
the soil remains siillicientlv moist, Init the reverse 
is li ne when soil is fairly dry. Clone 4 V, appears 
to beliave in the opposite way It is therefore ex- 
pected tliat l'\’, will resisi drought for a longer 
period than 1 ^^ 9 • 
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TIUMSPI RATIONAL LOSS OP SOIL WATER BY CLONES AT 
DIPPER NT MOISTURE Rtf.IMES. 



Measurement of soil moisture 

'I’hc regression of lensioinelcr readings (y) on 
soil moisture (X) is given by the equation y --63.425 
-2.396 X. Based on this equation, the range covered 
by the tensiometer between tensions of 0 and 30 cm 
of mercury e.xtends from 26.48 per cent to 15.00 
per cent of soil moisture, an absolute range of 11.48 
per cent. 

Summary of Meteorological data 

Meteorological conditions in ten-day units have 
been given for 1972 for all the four meteorological 
sites, and a summary of the observations lor 1972 
is given in the appendix. 


A new meteorological sub-station has been set 
up in the North Bank Advisory head quarters and, 
an advisory assistant has been tiained up for record- 
ing daily meteorological observations from the be- 
gining of 1973. 

Research and advisory analysis 

About 44,000 soil analysis have been carried 
out during the year. Fhe break-up is as follows : 

(i) Research : For Soil Department's as 

well as for other Depart- 
ments, 10,200 estimations. 

(ii) Advisory ; For tea estates alone,. 

33,800 estimations. 
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PLANT IMPROVEMENT 

Production of clonal seed 

S(:‘\cii mic ro set'd-haris oC biclonal c'oml)inatioiis 
csiablislu'd in lf)b9 I'Ann. Rep. 19bb, p. .aO) produc'cd 
small cpumtilic's c^l’ seed in H)72. Seeds hai vested 
i’rom lli(“S(‘ bat is were jdanled in the* nursery (bi- 
oijseiN’inL' percentage' germination, miiformity of 
grow til and vigour ol' dic' seedlings. I'he seedlings 
will be (ilanted out liir trial in autumn 1972. Seeds 
I'roin tlic'sc- slocks will be distribulc'd next season 
{’or district trials in dillerenl agro-climatic’ regions 
of .\ortli Isast India. 


ing bushes as vegetative clones liom the segregates 
(Ann. Rep. 1971-72, [). 45b a series of crossings 
were done using I'V 1 and 'I V 9 as the I'emale parents 
and 15 other clones as pollen parents. As the plants 
used lor pollination are still very young, only 1526 
pollinations could be done in 17 dillerent crosses. 
Per cent Iruit set by end .April varied rrom 0 to 52.6 
per cent, the average Icn' the 17 ciosses being 23.7 
per cent. In most of the crosses the percentage set 
was satislactory. except in the* cross between 'W 1 
rV <9. (bauses lor lailure in this cross aie under 
invest igaticin. 


Initial observation on the e(nn|)atibility and 
seed yield |)atlern o( the seed baris indicate satis- 
laclory pwoduclion of \iable seeds under natural 
conditions by all the clonal coml)inali(ms. 

Pollination programme 

Under the pollinaticm programnu' undertaken 
to screen good C{.)nibiner clones and select outstand- 


In the hand-pollination progi amine j()r pro- 
duction of high cpiality triploids, crosses were made 
using seven natural tetrajiloids as the Ic'inale parent. 
About 757 pollinations wc're done in 16 crosses 
using three di|)loid clones as pollen parent. Initial 
obsi'ivation shows satislactory fruit-si't in most ol 
the (losses. Details are gi\en in ral)I(‘ 1. 


Table 1 . Preliminary results of hand-pollination for production of 
triploids from crossings between diploid and tetraploid clones. 




\t». of 

Fruit s<'t 

Fci cent 

( ’rossos 

llowcrs 

(as oil 30ili .\piil, 1973) 

rmii s« l 

( I'ciraploid X Diploid) 

|)(>llinal<(l 



m; 1 

•, fV 1 

;ki 

0 

0 


'f\' 

;D 

2 

.3.9 


W 1 

«)') 

0 

0 

m\;'> 

X 1 \ ! 

Kitt 

03 

37. a 


[\ 

91 

.4 1 

.30. 1 


W 7 

ion 

47 

47.0 


W 1 

12 

3 

23.0 


1 \ 

•1 

2 

.3(:.u 


f\' 7 

M 

4 

11. a 


rv 1 

on 

40 

.3}i.O 


i'\ \ 

32 

20 

02 . 3 


W 7 

.t4 

2t) 

4«. 1 

:<!♦«/!) 

r\* i 

22 

1 .') 

(i8.2 


r\ i 

22 

12 

.3 1 . 3 


1\ 7 

”>0 

3.3 

70 . 0 

1 

W 1 

27 

12 

44.4 


I \' 1 

25 

r> 

20.0 


w 

11 

0 

0 

'i't.tal 


757 

337 .\\ rrav];e 

44.3 


Release of vegetative clone 4'V 19 is a yield clone, drawn from the same 

One more clone, 'I V 19, was released to the .series as TV 18, having .similar growth habit and 
Industry during tin- yrar. yield potential (.\nn. Rep. 1970-71, p. 43), but 
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^vilh a more spreading frame and bigger leaf-size. 
The clone possesses better cup-characters than the 
other popular yield clones 'IV 9 and TV 18, and 
is suitable for both C. T. i), and Orthodox manu- 
fucUire. 

C'.lonc 'r\" 20 has also been selected for release 
towards the early part of 1974. 

Selection of vegetative clones 

About 44 bushes from dillerent hybrid jats, 
biclonal and polyclonal progenies were selected 
during the season for rooting and long-term trials. 

Long-term trial of clones 

riie long teiin trial started in 1970, in which 
nine clones are under trial, produced suHicient 
cjuantities of* leaf during the year for manufacture 
in 1 kg rolh'is. Samples were tasted by Idcklai, 
<'al(Titta and London panel of I'asters. 

Tasters vai ied considerably in theii* assessment 
oi' the teas from both Ck r.(’. and Orthodox manu- 
facture. ( lonsidering both yield and 'Easters’ valu- 
ation, three clones appear to be promising. 'Fhe 
trial will be continued Ibr a few more years before 
final selection. 

The three long-term trials planted in autumn 
1971 are expected to produce sulhcient leaf for 
manufacture in 1973. 

Out of the Long Term trials now completed, 
two clones have been Ibund promising and are eai- 
marked for release in the near future. 


be vegetatively multiplied for planting trial plots 
to evaluate its cup characters and yield potential. 



Plate I. One year old seedling from seeds 
obtained from flowers pollinated 
with X-irradiated p:)lk’n. 


Induction of Mutation 

A few seeds \\ere obtained from pollination In order (o investigate the suitable dosage of 

carried out with x-irradiated pollen (Ann. Rep. irradiation for tea seeds and single-node cuttings 
1970-71, p. 43), out of which one of the seedlings used lor vegetative propagation, a small amount 

has shown extreme vigour of grow th with good of seed from Tocklai l)iclonal stock 449 and cuttings 

branching habit in comparison with the other normal of clones 'J V 1, TV and 1 \’ Id wck' iriadiated 
seedlings of the same nursery. The plant is suspected with different dosage of x-rays ranging from 2 kr 
to be a mutant (Plate 1) and cytological investigations to 10 kr at , Jute .Agricultural Research Institute, 

are being conducted for confirmation. .As soon as Harrackpori*. Preliminary n^snlts are presented in 

sufficient shoots become available, the plant wall 'fables 2 and 3. 
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Table 2. Germination of stock 449 seeds irradiated with x-rays. 

Dosasc No. of .seeds treated No. of seeds germinated Percentage germination 


Control 

HI2 

50 

49.0 

1 kr 

78 

31 

39.7 

2 kr 


-14 

48.8 

1 kr 

108 

12 

11.8 

() kr 

78 

10 

12.8 


Table 3. Percentage survival of cuttings irradiated with 
different dosage of x-rays, 6 months after planting. 


Irradiation dosag<- 


C.IolK' 

2 kr 

1 kr 

(i kr 

8 kr 

10 kr 





- — ■ 



— 

'f'\' 1 

.")0 

to 

to 

30 

0 

4 9 

25 

15 

30 

55 

20 

IV 18 

80 

35 

35 

30 

10 


'riu' figuiTs for pt'f ( (’lit geniiiiiation of the irra- 
diated .‘^ecds suggest that tea seed can tolerate do.sage 
of X-rays upto d kr although percentage genui- 
nalioii declined sharply with the iiirrcase of dosage 
Ix’yoiul 2 kr. 

In case ol elonal cuttings, 'TV 1 and TV 18 showed 
gradual decline in percentage survival with (he 
increase in the dosage of irradiation, while in (he 
case of 'TV 9. good percentage of survival was 
ohtaiiK'd even ^vhen the cuttings were exposed to a 
dosage of 8 kr. I'urther observations will continue. 

PLANT PHYSIOLOGY 

Transpiration studies 

In view of the sudden interest shown by some 
tea estates in the ('oinplcte removal of shade trees, 
an experiment was carried out to determine trans- 
piration rates of potted plants under conditions 
likely to ])e applicable to large areas ol tea in N.E. 
India. We have demonstrated that willi tea plants 
of the (orrect leaf pose under non-limiting water 
and nutrient regimes, shade is not retpiired lor tea, 
but these conditions are rarely lullilled in many 
plains districts of X. F. India. In the cold weather 
it is water shortage rather than excessive leal tem- 
perature which is a limiting iactor and the experi- 
ment was designed to compare transpirational losses 
under l^oth high and low soil moisture status ?'/c. 
20% moisture content (held capacity) and about 
lOyo moisture content. 


Plants were sealed in alkathene bags after water- 
ing to the required level and half were placed under 
overhead shade allowing about 40‘;o incident radi- 
ation, the other half being in full light. 'Fhe bags 
were covered to prevent the soil beating up and all 
plants were weighed daily. The amount of w^atcr 
lost was replaced daily to maintain soil moisture 
levels and leaf areas ol‘ all plants wck' determined 
at frequent intervals. All inajoi meteorological fac- 
tors w'cre measured daily including maximum and 
minimum temperatures, relative humidity, hours 
of sunshine and rainfall. Watt'r loss may be expressed 
as eitlier die total amount per plant or, to simplify 
the presentation of the data, as the weight ol' water 
per unit area of leaf surface. Fig. I shows the results 
of a 20 day period in early December for all four 
treatments. 

Although daily losses show considerable vari- 
ation it is apparent that whether shaded or not, 
at field capacity the plants lost more moisture than 
at lower moisture status. From 14 to 17 days plants 
under shade lost more water dian in full light and 
this was due to mid-clay stomata! closure in the un- 
shaded plants during a period of very low^ relative 
humidity. 

For the 50'h) field capacity series the unshaded 
plants always lost more moisture than the shaded 
jdaiits except on dull, humid clays when the losses 
were about equal. Over a period of a month the 
total moisture loss was almost 50 per cent greater 
for the nnshaded plants. 

riiere are obvious eiiticisms against extrapolat- 
ing sueli experimental findings to held conditions 
but on the other hand there arc' some similarities 
between the experimental design and the held condi- 
tions of young ten plants. In the experimental design 
no moisture loss by eva])oration can occur and the 
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Fig. L Rate of transpiration per unit leaf area per day under different field conditions. 


roots are restricted to the depth of the pots, in this 
case, about 22.5 cm (9 ). In the case of mniched 
young tea I'vaporation losses arc' small and root 
depth is about the same as in the pots. The major 
diflercnce is that soil moisture is raicly maintained 
at the same level under held conditions during tlic 
cold \v(‘alher and a falling water table [)lns transpi- 
ration losses results in consid^’rabh' moisture stress 


in most areas ol' N. Iw India. IV) observ(‘ the* (•(fee ls 
of increasing water stirss two sets of sleeve-grown 
plants weic w'atcied to lield capacity and sealed. 
One set ot plants was kept under shade and the 
other set was Icl’l in l\dl sun. d'he plants we're weighed 
daily and water losse^s were not made up l)y 
watering. Re'sults for a 30 day period are shown 
in I’ig. 2. 


FIG.2 



DAYS 

Fig. 2. Rate of transpiration per unit leaf area per day with increasing water stress 
under shaded and unshaded conditions. 
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Both shaded and unsliaded plants lost moisture 
at about the same rate initially but as tlie soil mois- 
ture level fell, the unshaded plants lost progressively 
more, especially during the period of l)right days 
marked on Fig. 2. I’rom day 19 temporary wilting 
symptoms wen: seen in the unshaded plants and 
shortly after this the rale of water loss fell below 
the shaded series and the plants starl(‘d to defoliate. 
By day 30 the soil moisture level had fallen to 7% 
compared to 9.5'’,, in the shaded series, which had 
also started to exhibit temporary wilting l)y this time. 

In held practice the ditterence between survival 
and death due to drought is olten the matter of a 
lew days and this lact lias been strikingly demons- 
trat(‘d in middle and lower .\ssam and West Bengal 
in early 1973 where many thousands of young plants 
have died through a drouglit. which, ihougli severe, 
is cei'tainly not exceptional. In almost all cases the 
aifecled tea had either been unshaded or so poorly 
shaded tliat shade was inelfective. 



Plate II. Electron photomicrograph of the 
upper surface of the laaf from 
a broad-leaf Assam variety. 


The adoption of practices followed in climati- 
cally better situated areas to areas prone to drought 
has been partially responsible for this situation. 
The experiment described above give a simple 
demonstration that unless one is assured ol* adequate 
soil moisture, cither naturally or by irrigation, 
young tea should be planted under a light, even 
stand of shade. 

Leaf Surfaces 

During investigations on the spectral properties 
of tea leaves, Professor J. P. Hudson kindly olfered 
the use of the Stereoscan Fdectron Microscope at 
Long Ashton Research Station, Bristol, England, 
to photograph leaf surfaces. 

Remarkable differences between the surfaces 
of' leaves from various types of tea bushes were 
found and an e.xamplc is given in Plates II and 
III, below. 



Plate III. Electron photomicrograph of the 
upper surface of the leaf of a 
hybrid variety. 
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Plate II is the upper surface of a young (3 month 
old) leaf from a broad-leafed Assam variety and 
Plate 111 is an older (9 month old) leaf of a 
more hybrid type. Fhe surface of the leaf in Plate 
II is very smooth while that in Plate 111 is overlaid 
with many growths of crystalline wax. Such struc- 
tures are rarely found in plants growing at high 
temperatures and would therefore appear to be a 
feature of tlie “(diina'’ influence in hybrid types. 
Waxy surfaces are notoriously difficult to wet and 
the implications lor pest and disease control vis-a-vis 
the use of wetting agents and stickers may be impor- 
tant, especially as the lengthening of pruning cycles 
results in more older lea\es remaining on tea bushes 
now than in the past. 

Trace elements for tea 

Preliminary trials in 'I’ocklai area 2A during 
1967 suggested that tea bushes looking apparently 
healthy may benefit from certain micro-nutrients 
like zinc and manganese, 'frials carried out at Bor- 
bhetta in 1969 and 1970 (Two and A Bud, Vol. 18, 
1971, p. 37) and single plot trials of the Advisory 
Department in 1971 showed zinc to have beneficial 
efl'ect on yield while the effect of manganese was 
much less pronounced. In the light of these ob- 
servations, a statistically designed experiment was 
conducted during 1972 in a neighbouring estate, 
in which aqueous salt solutions of zinc, manganese, 
molybdenum and boron, alone and in combinations, 
were sprayed on tea bushes under plucking. Soil 
application of magnesium was another treatment 
of the experiment which was conducted in a replanted 
site on seven years old bushes of Stock 203 yielding 
about 1100 kg made tea per hectare. The yields of 
the experimental plots were recorded at weekly 
rounds by trained personnel from this Department, 
rhese results were reported in Two and A Bud, 
Vol. 19(2), pp. 63-63, December 1972. 

Zinc application increased yield significantly 
(by 20 per cent) while the effect of other elements 
was not significant. These results clearly show that 
ap[)lication of zinc would be beneficial to poor, 
replanted areas of tea and perhaps to other poor 
areas. It is, however, essential that responses to 


this clement should first be ascertained by estates 
themselves through small-scale observation trials 
befon* adopting application on a wider scale. 

Even in the very first year, the control plots of 
the experiment gave 18 per cent increase in yield 
over tile estate controls in the same section of tea 
situated alongside the experimental plots. Drainage 
and weed control in the experimental area were 
somewhat lietter than in the adjoining part of the 
section where the estate controls were located, fhe 
experimental plots vs ere manured with NBK at 130, 
40 and 80 kg /ha while the estate controls received 
only nitrogen at 100 kg per hectare, d’his striking 
increase in yield of the experimental control is a 
clear demonstration that vast improvement in the 
yield of poor sections ol‘ tea is possible if attention 
is paid to normal agronomic practices. It was, there- 
fore, pointed out in the article under reference that 
mere application of zinc without correcting the 
other causes of debility of' a section of tea could not 
be expected to produce the desired effect. 

Further (xpcMiments are in progress in the same 
estates to compare the effects of soil versus foliar 
and annual \ ersus biennial application of zinc and 
other micro-nutrients. 

Shade X nutrient X clone trial 

A description of this trial first appeared in 'Foek- 
lai Ann. Rep. for 1962, pp. 26-28 and short progress 
reports in subsequent years (Annual Report for 
1964, 1965, 1966, 1968-69, 1969-70 and 1971-72). 
'['he experiment was started in 1958-59 and termi- 
nated in 1969 and one entire block of the trial, 
including the shade trees, was uprooted in early 
1972. A brief description of the trial for ready 
reference and a few important results are given 
below. 

Description of the trial 

The trial was started in 'Focklai area 11 to observe 
the effect of mechanical bamboo screen shade and 
shade from Albizzia chinensis trees on growth and 
yield of clonal tea in the presence and absence of 
inorganic nitrogen and organic leaf litter of shade 
trees. Twenty five clones were taken at random 
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from live different jab representing almost the 
entire range of forms cultivated in the plains of 
North East India. Each one of fhe 23 clones were 
planted in 27 strips, in 3 repeats of 9 strips each. 
In ever y strip, a clone was lepiescnted by a row of 
5 hushes, spaced 45 cm ;< 60 cm, the total number 
of bushes in a Ntri[) being 135 including the two 
guard rows (rf 5 bushes each planted with done 
'I’V 1. A repeat was first split into 3 sub-blocks for 
inecliarrical shade, tree shade and no shade i.e. 
full sun. Fhe three strips in a sub-block were allo- 
cated to the following rnaninial treatrnerUs : 

1. Control i.e. no manure. 

2. Nitrog(rr applied as ammonimrr sulphate 
in Marxh/Apiil @ 112 kg N/ha. 

3. Removal or addition of shade tree droppings. 

Shad(* tree droppings were collected fioin a 
strip under J. (hinensis trees and mixed with an 
equal quantity of' litter collected elsewhere. One 
half of this w^as applied to a strip under the bamboo 
screens and the other half to a strip in full sun. Fhis 
jrrocedure was repeated for all three repeats of the 
trial. 

Bamboo screetts with side walls transmitting 
approximating 50-60 per cerrt of the incident light 
were erected prior to the planting of tea in 1958-59. 


d. chinensis trees were planted at the same time as 
the tea bushes, 3 rn apart. To maintain the same 
light intensity from the beginning, Crotalaria anagy- 
r aides plants were also grown one year prior to 
planting tea bushes and kept lopped. 4'hese were 
removed gradually in the following year when the 
A. chinensis trees started giving shade. In subsequent 
years the shade under the A. chinensis trees was 
controlled at 50-60 pt-r cent of full srrnlight, either 
by lopping or r errroving tr ees whichever was rrccessary. 
Nitrogen and shade tree droppings wore applied 
to the relevant plots since 1962. Until then plants 
were not manured at all, not e\en at the time of 
planting. 

riic tea bushes were pruired and plucked at 
lower levels, so that even after 12 years the frame 
height w'as only .50 cm and the plucking height 
70 ('m above the ground level. By 1963, it was appa- 
I'cnt that the spacing was too close even for such 
low' bushes and alterirate rows of bushes were r'C- 
rnoved just below' the ground level to space them 
out to 60 cm X 90 cm. 

.\s no sigrrilicant effect of nitrogen alone was 
observed in any of the treatments, phosphate and 
potash were applied Irorrr 1965 anti magnesium 
and other nutrients in the subsequent years. The 
manuring schedule since 1962 is given in Table 4. 


Table 4. Manuring schedule of the experimental plots since 1962. 

S( m‘n 


V«ar IVcatnuiils liTarmcnls 



1 2 

3 1 

2 

3 

1%2 

L C 

N'luo : P 

C 

N 100 

to 





19t)4 





1%:’) 

1. C 

L 


N io(T8oEs(» 


FsoEsu 

N 100^80^80 

INoEko 

19t)b 

L C 

f’ 8(1^8 0^4^^20 

L 

N loo^HoEsu^f'^JO 

f’soE 80^^^20 

5* 100**80^80 

1907 

1 . c 

Nluof*8oR80^^K20 

88oE80^'^K20 

N 100**80^80 


Zn|o8.)Mb5Mn5 

ZnioBr>Mhr,Mn.r, 

ZnjoB.Mb:, 

Mn., 

10*^5 

Ml)5Mn5 

nm 

Litter not C 

NifinZiiin Litter not 

Zn 1 0 

N ioo^'*^ro 


removed 

added 



1969 

Litter not C< 

NioofNoE40 LiUei not 

N 1 00 

N ioo**4oE4o 


remoN (‘d 

added 




Treatments 

1 

2 

3 

1 L 

C N 

roo 

■1 *^ 

! I 

**80^80 

N 100 ** 80^80 

L 

**8oE80^fK20 

N 100 ** 80^80 
MS20 


**80^80^*820 

ZnioBfjMbjiMns 

NlOO** 80^80 
10*^5 

MbsMn.r, 

Litt<'r 
not added 

Ziijo 

^loo^'Mo 

Litter 

Nioo 

N 100**40^40 


nor addrd 


Note ; - L : Liner removed; X L : Litter addrd;C : Control plots (no manure); N :Nitrogen;P : Phosphate .as P2O5; K : Potash 
as KgO; Mr : Magnesium as MgO; Zn : Zinc: B : Boron; Mb : Molybdenum; Mn : Manganese. The quantities of 
nutrients added in kg per hectare are shown as sufiixes 100 , 80 , 5 etc. 
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I'he plots were light pruned every year except 
in 1968 when they were left unpruned. 

Results 

Yields under tree, screen and sun for the years 


1964-69 are given in lable 5. Yields till 1963 have 
been left out of the table as bushes in the experimen- 
tal area were thinned out to two fifths of the original 
nuinber at the end of 1963. 


Table 5. Yield of made tea in quintals per hectare from 1964 to 1969 under sun, screen 
and shade trees as mean of the three manurial treatments. Yield of the highest 
yielding clone S ID 3/5 and average of the 25 clones are shown separately. 



Shad 

‘ lift* 

Scrcpti 



Sun 


Year 

Vveragt' nf 

Clltmc S 11) 4/5 

.\\ t*l\.gt' of ( II 

»n(' S 

II) 4/5 

A\ fiai^c of 

Clone S ID 4/5 


‘25 rliMU's 

(4/i'a) 

25 cl«>nes 

(q/ha 

) 

25 ftoncs 

(q/ha) 


(q/ha) 

(q'ha) 



(q/ha) 



15.9 

20.8 

14.1 

19 

1 

11.5 

24.2 

19n5 

17.7 

29.2 

14.9 

21 

0 

11.9 

29.0 

19i)(> 

19. () 

42.0 

14.9 

21 

5 

18.0 

28.2 

1997 

24.9 

48 . 9 

18.7 

29 

1 

21.5 

4(9 5 

199H 

44. fl 

50.2 

25.4 

44 

7 

29. 1 

40.8 

19(')9 

2(i.4 

41.7 

20. (i 

21 

7 

24.0 

27.2 

,\v<'rag«' 

- 24.0 

45. () 

17.8 

21 

. 1 

19.7 

40.4 


'The a\’t‘ragc yields of the 23 ('lones and of the 
highest yielding clone S ID 3/3 are sliown separately 
in the table to give an idea of the maximum yield 
potential on this replanted site. It may be noted 
in this connection that majority of these 25 clones 
were belcns' average in vigour and four of them 
from the Lushai ial were so delicate that it was a 
problem to get them established. Ia'cii the most 
vigorous of the lot, clone S 11) 3/5, yielded less than 
clone 19/29 13 ( I’V 1) used in the guaicl rows of the 
experimental plots. Hence, the 25 clones taken 
together can, at best, be regarded as ecjuivalent to 
an average jol of tc-a. Secondly, the soil of the ex- 
perimental aiea was of sandy loam type and well 
drained but being on a replanted site, was poor in 
plant nutrients and organic matter. The nitrogen 
level of the soil immediately before planting of the 
trial ranged from' 0.07 to 0.09 per cent on dry weight 
basis. 

'riiere was a steady linear increase in yield from 
1964 to 1967. 4 he sharp rise in yield in 1968 could 
be attributed to the bushes being left unpruned in 
that year and the steep fall in 1969 to their pruning 
after an unpruned year. The maximum yield was 
produced by the plots under tree shade and the 
minimum by those under screens, the sun plots 
occupying an intermediate position. However, the 
screen plots out-yielded the sun plots until 1964, 


when most of the ('lones did not cover the ground, 
but no sooner a clone covered the allocated ground 
area, its yield under the screens d("creased. 3'i(*ld 
of clone S ID 3/5 Ibi 1964 illustrates the point. 'This 
is a clear demonstration that shade, mechatiical 
or natural, is l^eneficial to young plants until tlu'y 
attain full ground coverage. 

The clone S ID 3/5 under tree shade n^gistei'ed 
an yield of 38.9 (piintals/ha in 1967 under an animal 
prune when the yield was still rising and 50.2 cj/ha 
in the following nnpruned year. The corresponding 
yield averages for the 25 clones were 26.3 and 33.8 
c|uintals per hectare. 

With regard to leaf temperature on hot, sunny 
days and conservation of soil moisture during the 
dry, winter months, the growing conditions w(‘re 
more favourable under the screens, but yield-wis(' 
the performance of the bushes was much better 
under the trees. Even the sun plots gave higher 
yields than those under the screens. These results 
indicate that any beneht accruing from reduction 
of leaf temperature and conservation of soil moisture 
under the screens was offset by a large decrease 
in light intensity, after the bushes had covered the 
ground. On the other hand, the detrimental effect 
of reduced illumination intensity under the trees 
must have been more than compensated by some 
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factors in the shade trees which were highly beneficial 
to the yield of the tea bushes. Data on Table 6 will 
ishow that not only yield, but total weight of the 
bushes also increased under the trees. 

'fable 6 is based only on the third repeat of the 
trial Iroiii which the liushes were uprooted in early 
1972 for measuring frame and root growth, fhe 
results are expressed as fresh weight per l)ush. Be- 


cause of high correlation between fresh and dry 
weights of the dilferent plant parts viz. coot, frame 
jjrunings and pluckings, which in no case fell below 
r~ 0.85 comparison between treatments will not be 
affected by conversion to dry weights. Ck)nvcrsion 
to dry weight is, however, being done to determine 
the absolute dry matter production under different 
conditions. 


Table 6. Weight of growth removed as pluckings and prunings during the period 1961 to 1969 and weight of frame 
and roots determined by uprooting the bushes in early 1972. Data based on the average of 25 clones and 
expressed as grams fresh weight per bush for the different treatments in the third repeat of the triaL 




.Shade tree 

Freatinents 

1 2 

4 

1 

Screen 

I’leatnients 

2 4 

Sun 

Freatnients 

1 2 

4 

(1) 

(-) 

IMuc kine 

4924 

4801 

4412 

4053 

2788 

4354 

2977 

2019 

289() 

l*riminj^s 

ym 

(>(148 

<)00t 

4205 

499(> 

44()4 

47.52 

4121 

1109 

('M 

Tolal of (1 ) and (2) 

9487 

1 1449 

10410 

7418 

<)78l 

7817 

7729 

()710 

7005 

(1) 

F>) 

t’rarnc 

1(>94 

1848 

1740 

1400 

1242 

1.4til 

1.500 

1415 

1402 

Roots 

947 

1440 

1127 

1101 

1114 

1070 

1512 

1210 

1242 

(^'O 

t otal of (4) and [b) 

21)49 

4284 

2857 

2401 

2455 

2441 

4012 

2531 

2594 

H) 

Folal weight of whole ])latU i,( 

‘. (4)and(t)) 12017 

14723 

14274 

9719 

9139 

10248 

10741 

9271 

9599 


Flix'kin^s ( 1 ) 

0.718 

0.724 

0.745 

0.710 

o.t;‘m 

0.7.52 

0.020 

0.f)40 

0.705 

^9) 

I’runings (2) 

Fop (1,2 and \) 

1 1 .82 

9.2.4 

10.78 

7.84 

7.21 

8 . 58 

('). 10 

i;.()2 

ti.79 


Roof {.'■>) 






^ 







, . 




For (Icscriplion of trcaUnrnls, see T'ablr 1. 


Trcatmcnl effects shown in fable 6 arc averaged 
m 'I'able 7 to display the gross effects of tree, screen 
and sun. 

Table 7, Weight of pluckings and prunings for the years 
1961 to 1969 and of frame and roots. Data based 
on the average of 25 clones and the three treat- 
ments under each of tree, screen and sun in the 
third repeat of the trial and expressed as grams 
fresh weight per bush. Figures in italics express 
the weight of different plant parts as percent- 
ages of the whole plant weight. 


Plant i)art 

Shade tree 

Screen 

.Sun 

(g/bush) 

(g/bush) 

(g/bush) 

PluckinRs 

4479 

4005 

2841 

3yJt 

3 'M 

28.7 

Pn mines 

()045 

4241 

4427 


1.7. 2 

4?. 7 

43.8 

Frame 

1 757 

1401 

1492 


i:u 

13.4 

14.1 

Roots 

110)7 

1095 

1 420 


8.8 

11.3 

13.3 

Total weight < f 
whole plant 

13448 

9702 

9870 


It will be seen from 'fable 7 that the total weight 
ol' the whole plant was the maximum under tree 
shade and minimum under the screens. However, 
the highest root weight was produced in sun. Although 
in this (third) repeat of the trial the weight of 
plucked shoots in sun was less than that under 
the screens, the [position was just the reverse when 
all the three repeats of the trial was taken together 
(cf. 'Fable 5). fhe percentages given in italics show 
that the partition of growth between different plant 
parts was affected by the three light treatments, 
'free shade increased the proportions of both pluck- 
ings and prunings, .screens only of pluckings while 
sun increased the proportions ol' frame and roots, 
'fhus, shading diverted a relatively larger fraction 
of the assimilates towards the production of plucked 
shoots, which is the economically useful fraction 
of growth. 
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I’he effects of the three nutritional treatments 
can be observed from 'fable 6. Nitrogen in combi- 
nation with the other nutrients had almost no effect 
under tree shade, slight effect in sun and a little 
more effect under the screens, 't his is a surprising 
result for a replanted, well-drained site low in plant 
nutrients. I he control plot under tree shade, which 
did not receive any nutrient all through the years, 
produced the highest yield in this (third) repeat of 
the trial, although in the other two repeats of the 
trial its yield was somewhat less than the plot re- 
ceiving the nutrients (I'r. 3). This is another inter- 
esting result as a high level of yield (cf. '1 able) was 
maintained by the unmanured plot under the trees 
for long eleven years. 

Removal of the shade tiC(‘ dro])pings depressed 
yield l)y about 15 {)er cent and their addition to 
plots in sun and screens caused almost similar in- 
crease. Di pending on the severity and time of lopp- 
jng the trees to maintain light intensity at an uni- 
form level in different years, tlie quantity of dropp- 
ings varied fiom 2.500 kg to 5000 kg jjer hectare per 
year, giving an analysis of 2.51 X, 0.88*’,, K.^0, 
0.71 1.27", CaO and 0.02", MgO. 'fhe 
total quantity of droppings and their contents of 
plant nutrients show that the droppings are of consi- 
derable nutritional value. However, even after re- 
moval of the dropping.s, the yield level of the plots 
in '15 eat mem 1 under tlie shade trees was consider- 


ably higher than those of the manured plots in sua 
and screen. These results demonstrate that the 
benefits accruing fiom shade trees cannot be attri- 
buted solely to reduction of leaf temperature and 
tunuwer of nutrients. Further investigation is re- 
quired to locate the sources of other benefits resulting 
from the trees. 

Analysis of variance of the yield data of the 
experiment for different years has shown treatment, 
clone and clone x shade effects to be significant. 
In 1967, the factor of leaf pose was also introduced 
into the yield analysis. Leaf pose as a factor came 
out significant, but the interaction of leaf po.se with 
shade failed to reach the level of significance. A 
consolidated analysis for the entire period of the 
experiment based on dry ^\(*igh^ of plucked shoots 
is in progress. 

Shoot count and spacing 

'The purpose of measuring the disir ibrrtiori of 
shoots on the j)Iucking surface* of* a mature tea bush 
was brieffy discussed irr the .Annual Re|)ort for 1968- 
69, pages 58-61. d’he results of' this investigaliorr 
wen* puldishcd in Two and .\ Hud (Vol. 18, No. 1, 
pp. 8-11, June 1971: Vol. 2fl, No. 1, June 1973). 
It was deduced frorrr these observations (hat the 
shoot count method could be used as a substitute 
lor (ire tirrre-consuming and expensive spacing 
expel iments. 
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MITES 

IMstribution of Tea Mites : Survey on the 
•distribution and abundance ol' scarlet, pink and 
purple mites on matiire (25 year old) Assam jat 
of tea was continued under different agronomical 
and agroecological conditions. In general, all the 
three species of mites were moie numerous on skift’ed 
tea than on comparable pruned lea, except in 
Darjeeling where such clear cut response was not 
noticed this year, as against last year. Abundance 
of foliage on skiffed tea may be linked to the higher 
incidence ol' mites on them; apparently this was 
not true under 13arjeeling conditions this season. 

Comparaldt' light pruned, light skilled and deep 
skilled t(‘as under Clachar conditions did not differ 
sigriilirantly in their susceptibilities to purple miles. 
But scarlet and pink mite populations were least on 
light pruned tea compared to light and deep skilfed 
teas. 

Assessments of seasonal mile po[ntlations on 
comparable jats (Silbhatta) and clones ('fV 1; 'rV2; 
'TV 17: fV 18) indicated more pink mile infestations 
on clones than on jats and more purple mites on 
jats than on the clones. Scarlet mites showed more 
preference for Clhina jats than .\ssam jats. Since 
light distribution within the Imshes regulat(‘S the 
mite distribution, clearly each spi'cies reacts to it 
differently. 

The susceptibilities of ten I'ocklai release clones 
to scarlet, pink and purple mites varied. 'I'V 3 was 
highly susceptible to pink mite, as were TV I and 
TV' 7 to scarlet mite. 

Life system of red spider and scarlet mite • 

Weeds appear to be major links in the life system 
of red spider and scarlet mites. Weeds that arc the 
major alternate hosts of red spiders in tea areas arc 
listed in Fable 1. 

Presence of these weeds in tea areas initiates 
early build up of red spider populations because 
on all these weeds the mite completes its lile cycle. 
'Fhe exact duration of the life cycle somewhat varies 
depending on the species of weed and time ot the 
year. But in no case does the life cycle process on 
these weeds differ significantly from that on tea. 


Table 1. Weed hoata of red apider in tea areaa and the 
duration of red apider life cycle on them. 

Dviriition of lif<* cycle in days in 


Weed speci<-s 




March 

June 

December 

1. 

2. 

IMsaea polyanlha J us.s 
Mflastoma malabothricum 

If) -17 

11-12 

25 25 


Linn. 

Horreria hi^pida (L) K. 

15-17 

1115 

24— 2r) 


.Schum 

II 1.5 

IL 11 

24- 20 

t. 

Sfoparia dutch l.inn. 

17 


24 20 


Melorhia corchor •folia Linn 


11-12 

— 

<i. 

Jiissiaea suffruticosa I.inn. 

— 

10 \2 

-- 


IVa 

11 Hi 

11 12 

25 -25 


Alternate hosts of scarlet mite in tea areas are 
Erechthites valerianaej'nfia D( l., Pouzolzia indica Ciaud, 
Clerodendron infortunatum ClatMin, (derodevdron ri.y. 
cosum Vent., Broussimetia papyri f era Vent., Li/saea 
polyanlha Juss, dommelina heny^halensis Linn., Melas- 
toma malahathricum l.inn. (.)! these, /.. polyant ha and 
A/, malabathricum are common to both red spider 
and scarlet mite. .\o significant difference is noticed 
in the duration of the lifi- cycle of scarlet mite on two 
common weeds and on tea ('Fable 2). 

Table 2. The duration of the life-cycle of scarlet mite 
on two speciea of weeda and tea. 


Lttsaea Commelina 

polynntha benghalemis Fca 


Montns 

Mini- 

mum 

(Days) 

Maxi> 

mum 

(Days) 

Mini- 

mum 

(Lays) 

Ma.xi- 

mum 

(Days) 

Mini- 

mum 

(Days) 

Max - 

mum 

(Days) 

February 

58 

tl 

37 

40 

40 

42 

March 

25 

27 

27 

28 

2(i 

28 

April 

25 

26 

26 

27 

25 

27 

May 

21 

22 

22 

24 

21 

23 

June 

16 

10 

15 

16 

16 

17 

July 

10 

18 

16 

17 

16 

18 

August 

16 

18 

16 

18 

14 

16 

Seplemb: 

•r 18 

20 

18 

20 

18 

20 

October 

25 

25 

25 

26 

25 

25 
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Scarlet mites have been recorded to infest Albi- 
zzia lebhek and Albizzia odoratissma in nursery and 
soon after planting out. . 

TEA APHID 

Aphid Biology : On mature lea (over 13 years 
old) aphis ( Toxoptera auranlii Boyer) population 
starts building up from mid-Ianuary. The peak is 
reached during March-April and with the formation 
of alates (winged forms) in May the population 
starts declining. 'The small second peak in .\ugust 
is formed as the alates start rccoloni/ing the bushes. 

Predators (Fig. 1) and parasites play a major 
role in the regulation of aphid population. Fhe 
dominant predator last year was Asardtui aegrota 
I'ab. (^Syiphidae) and j)arasi((‘s were Aphelinus sp. 
(Aphelinidae) and Triows sp. (Braconidaei. 



Fig. I. An aphid predator in a colony of aphids. 

'Fhe predator Asardiia aegrofa consumed, on an 
.average, 120 aphids per day and this helped in the 
natural control of aphids. 'Phis predator is, however, 
highly susceptible to chemical pesticides. 

Trioxys sp. is an internal parasite of the fourth 
instar and adult stage of the aphis: in a field count 
nearly of aphis population w as found parasitized. 
The parasite completes its life cycle within its host 
and the adult bursts out of the ventral surface of 
the insect. 


Aphelinus sp. is also an internal parasite. Fhe 
parasitised aphid becomes less mobile and changes 
its colour to metallic black. The degree of parasiti- 
zation varies between and 

A round ol’ spraying in late February or early 
March spared most of (he natuml enemies. The 
latter brought down the residual aphid population 
during April/May to such an extent that the second 
peak during August did not occur. 

NEMATODES 

Distribution of Nematodes : A survey was 
conducted in the Dooars to find out the relative 
abundance of dilVerent nematodes in tea soils suppor- 
ting mat UK* tea over 20 years. Fhe frecpiency 
distribution of dilferent nematodi* groups in the 
sampU‘s is shown in I'ig. 2. 



NEMATODE GROUPS 

Fig. 2. Distribution of different groups of 
nematodes in tea soils. 


.Although all the groups isolated are not parasitic, 
Meloidogym\ Pralylnichus and Pnratylenchus could be 
of consequence in tea growing. I'hcir numbers in 
mature tea areas are comparatively less than in 
young tea areas. 

Biology of Pratylenchus : Pratylenchus hr achy urns 
Godfrey was found infesting the roots of two to three 
year old seedlings. Red lesion marks developed on 
the root zones where the nematode colonized. Egg 
laying females formed the bulk of the population. 
The life cycle of this nematode on excised tea roots 
is completed in aliout 30 days under laboratory 
conditiorrs. 'Fhe first instar developed within the 
egg whereas second, third and fourth instai larvae 
developed within the root tissues. 
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All the larval stages and adult feed on the sap 
of the root tissues, (ionsecjuently, the root growth 
is retarded and the nematode infested roots grow 
shorter than tlie non-infested roots. Above ground 
symptoms are gradual yellowing of the leaves and 
blackening of their edges; heavily ini'ested plants 
become weak, 

Prolykuchus loosi Loof was recorded for the first 
time from a few mature tea bushi‘s. 'I'lie infested 
plants suffered from severe debility leading to decline 
in vigour and growth. Its possible spread is being 
lonk<'d into. 

Root knot Nematode distribution and al- 
ternate hosts : 'The abundaiu e of the root knot 
iiematod(‘s i Meloido^yne in tea nursery areas may be 
linked to the availabilitv of weeds, wherefrom they 
mo\c onto the roots of tea s(‘edlings ; f'ig. 3 ) In 



Fig. 3. Formation of galls on the root of a tea 
seedling by Meloidogyne, 

weed free areas nematode numbers are significantly 
lesser than in comparable plots with weeds. I'he 
susceptibilities of some weeds and cover crops to 
root knot are shown in 'Fable 3. 

Table 3. Comparative index of Meloidoi^ync infestation 
on some weeds and cover crops. 


Soil moisture level and root knot multi- 
plication : lb Find out the importance of soil 
moisture level in the multiplication of root knots, 
equal numbers of Meloidofiyne incognita were released 
in replicated pots containing .soils varying in moisture 
levels i.c. 7, 15, 22 and 30‘;{, by weight. Nematode 
multiplication decreased proportionately with the 
increase in soil moisture. Except at 3()-'„, none of 
these moisture levels influenced the pathogenicity 
of the nematodes. 

Effect of nematicides on nematode multi- 
plication : Populations of the root lesion nematode, 
Pratylmhus brachyurus, were reared in ten replicated 
pots (size 12 cm X 11 cm) holding 1 kg soil. Soils 
were treated differentially with Vapani at the rate 
of 0.2 ce and 0.4 cc per pot and I’cniik 10 at the 
rate of 0.1 g and 0.2 g per pot. i'he resnhs are show n 
in 'Fable 4. 

Table 4. Effect of differential nematicidal treatment on 
the reproduction of '/r/u/.s hrachyurus in pots- 
containing 1 kg of treated soil. 
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Although the initial nematode population could 
not be maintained at the same level in diflferent 
experiments, both nematicides gave excellent control. 
The population started building up from the 20th 
day'onwards presumably from the eggs that survived 
the low’ concentrate application of nematicides. 


Weeds 


In lest a lion Index 


PESTICIDES 


1. 

Polocasia antit/uorum Sc hott 

1.75 

2. 

Oxali.i acetosella Linn. 

2.30 

3. 

Scoparia dulcis Linn, 

1.7.5 

4. 

Amaranthus viridis Linn. 

2.00 

5. 

Mullogo strkla Linn. 

2.30 

6. 

Amaranthus gangeticus I.inn. 

3.00 

7. 

Tephrosia iogelli Hook 

3.50 

8. 

Tfphrom Candida DCl 

2.00 

9. 

Solanum metongena Linn. 

4.00 


Cockchafer trial : 'Fo find out the effect of 
various insecticides in repelling the grubs in combi- 
nation with some management practices, Birlane, 
Thiodan, Thimet, Furadan and Dassanit were used 
in conjunction with management methods which 
included 
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1. Use of pits 45 cm deep and 45 cm wide: 
with soil loosened a further 15 cm at the 
bottom of the pit. 

2. f irm ramming of the bheti or dhela dm ing 
planting. 

3. Use of one ounce of superphosphate mixed 
with the soil dug from planting pit. 

4. Use ol* plants carrying 18 leaves and more. 

Uomparable series were run with only insecti- 
cidal treatments, and bnanagement methods’ without 
any insecticidal treatment. A set of typical result 
is shown in Eable 5. 


Table 5. Integrated trials against Cockchafer grub. 
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In all cases the integrated approach i.e. manage- 
ment methods plus insecticidal treatment, gave a 
greater protection to the plants than chemical treat- 
ment or management methods alone; the latter 
gave the least contiol. 

Trials against Scale insect : I'rials against 
a common scale in Darjeeling, were conducted 
using Sumithion, Xuvacron, Zoione, Dursban, 
Delnav and PP 511, applying each separately at 
1.25 litre to a hectare. Mortality counts after 4 
weeks were as follows ('fable 6). 

Table 6. Effect of some insecticides on scale insect popu- 
lation after 4 weeks. 

.Vvera^r scale population Percentage reduction 
Insrcticides in I vvics of 1 5 cm over control 

Sumithion !).()() (o.^H 

Nuvacron .5.. '30 8<i,.'33 

Zoione 5.00 80.74 

Dursban 4.25 87.50 

Delnav 7.50 71.15 

PP511 2.50 00.38 

Control 26.00 


Mortality from PP 511, Dursban and Xuvaconi 
w'as higher than Delnav and Zoione : Sumithion 
gave the least control. 

Looper caterpillar : Field tiials against late 
instar looper caterpillars iHislon suplmssaria (iuen) 
were conducted using Bidrin, Phiodan, Dursban, 
Nuvacron, Zoione, I’uradan and Hexafen. Each 
insecticide* was sprayed separately at 1.25 litrt* to 
a hectare using a power sprayer. Moi talit\ counts 
were taken on the second and seventh day after 
spraying to find out the immediate and residual 
clFccts of the pesticides respectively. Phe results 
summaris(‘d in fable 7 show only marginal 
difference in the immediat(* and residual (‘fleets 
ol (he inseetieid(*s. 

Table 7. Number of looper caterpillars per twig of 25 cm 
length following insecticidal treatments. 

Pnj)iilalion (»n sccoiul P()|)ulatii)n on N<‘\i'mh 
<la\ das 
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72.00 
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lb. 75 
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3 . 75 

88.37 

D. \n\a< ron 
(ii' 1.25 1 ha 

20.50 

7<».00 

1.75 

85.21 

IC. Z.olone 

(V/ 1 .25 1 dia 

2().25 

<)0.50 

0..50 

70.54 

F, Fuiadan 

{(V, 1.25 kg ha 

31 .50 

(.5.40 

5. 75 

82.17 

Dexafen 
(fh 1.25 Lha 

0.75 

88.70 

2 . 75 

01.47 

H . ( ’ontrol 

86.00 


32.25 



Trials against red spider ; ’fhe toxic clfcc't 
of several new acai i( ides on red spider po|)ulation 
at dilfcrcnt density l(*vcls was studied. Sjuaying 
was done in .\[)iil when the population slatted 
increasing and another in June when the population 
was at its peak, 'fhe avi'rage poptilalion |)er 50 
leaves in .\piil was 197 as against 99f) in June, 
'fhe results of llu* trials are shown in fable 8. Popu- 
lation counts were made four w('eks after spia\ing. 
In both th(* experiments, irrespective of the initial 
mite population levels, the aearicidcs kept tlie mites 
under ('onlrol for lorn weeks, though (heir indi\ i(lual 
j)erlorman('e \’ari(‘d 
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Table 8. Trials against red spider at two different 
seasons (Mean number of mites/50 leaves in 
4th week after spraying). 
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Toxicological studies with scarlet mite : 

'I oxicitirs f)l Xiivacron 10 K. (.!. and I'Ahion 50 F.CI. 
to a lalioratory population ol scarlet mile were 
evaluated l)y topically applying 0.2, 0.1, 0.05, 0.025, 
0.012, 0.006 and 0.003 per e<'nt concentrations of 
their acti\e ingredients, d he population kill in 
prohit seale was plotted against log concentrations 
of the chemical and li'om these the values lor 
JJ)g„ and LDjjfl were read oil' (Figs. 4 and 5): 
lield application at these dilutions also signilicantly 
reduced mite population. 



Fig. 4, Dosage mortality curve for Scarlet mite 
treated with Ethion. 


Aiuhithion, Zoionc*. Fhosvcl and Lovozal were 
also tried against scarlet mite. All the araricidc.s 
caused significant mortaliiv to th(‘ mite, though the 
actual toxic level somewhat varied with diflerent 
acaricides. 



Fig. 5. Dosage mortality curve for Scarlet mite 
treated with Nuvacron. 


Residue analysis : I'ea leaf samph‘s treated 
with I’eiradifon and Dicofol were ]>repared for esti- 
mation of acaricidal risidues. Both sundried and 
green leaf samples were prepared and these arc now 
being analysed at the National C:hemical Labora- 
tory, Foona. 

Taint analysis ; Tea sampk's treated with 
Ambithion, Difolatan and Du'l’EK were organolep- 
tically tested for taint one week after the treatment. 
"Fea tasters did not rej)ort any taint on teas treated 
with these chemicals. 

Issuance of Certificate : 31 Certificates were 
issued 1(5 plant protection chemicals. Of these 20 
ccrtiiicates wen* revalidaO'd alter bioassay sindies. 
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Red rust 

Rtcl rust (i.ephaLuros parasiticus Karst, i is the 
most prevalent disease ot young tea, attacking the 
brandies and causing extensive die back under 
iavourabli- conditions. During the )ear, studies on 
the eikect of soil compaction and long ttani manur- 
ing on disease incidence and cliemical spraying on 
the disease control were made. 

Soil compaction Vs Red rust 

Soil compaction was observed to lie conem rent 
with heavier red rust incidence in the lield. l*ot 
culture (‘xperiinents to conhnn the etlecl ol soil 
compaction (Hi the disease incidence has shown 
that the plants recorch'd a stunted growth in more 
compact soils (Plate 1 i. Xo disease has, however, 
yet appc'ai'e'd on any oiu' of the plants in this experi- 
nuMil where both redsiant and suscc|)til)l(‘ clones 
W(Me grown. 



Plate I. Showing tea plants growing in 
different compaction levels. 

Long term manuring and red rust incidence 

Observations were made in Horbhetta Area 5 
for red iiist incidence in 10 year old ringamira 
receiving 4 lew els of X { 0, 45, 90, 135 kg/ha), 2 
levels ol P (0 and 22.5 kg/ha) and 2 levels of K 
(0 and 22.5 kg/ha) since 1965. 1 he incidence of the 
disease was, however, found to be low in all the 
plots and it has therefore been decided to record 
the red rust infestation next yeai- also. 


Chemical control of red rust 

Aerobi(dogical studies as well as studies in the 
held on the sporulation and spore discharge pattern 
of red rust have indicated the necessity of increasing 
the number of spraying rounds. Ivllicient control 
of the disease has been achieved by spraying a 
standard copper formulation in 4 monthly rounds 
during the fruiting period of the alga (.Ann. Rep. 
1970-71). Usually 0.25‘)„ concentration of the 
chemical is sprayed with hand (Operated sprayeis 

3 kg per hectare per round. With powei- sjua- 
yers the concenlrali(^n ol* the spray solution is in- 
creased and the spraying is done at thi‘ rate ol 2.5 
kg co|)|)er fungicide pei hectare. It is encouraging 
to note that the gardens have lealised the impor- 
tance of giving more than 2 rounds and that the 
application of 4 rounds has been accepted as the 
norm. But in practice the time interval between 
llu‘ rounds generally varies from 2 to I weeks. It 
was, llieiefoK*. decided to compare the application 
of a standard c()j)j)ei‘ loiinulation in 4 rounds at 
dilferent time intervals. 'Pea giown virtually without 
shade in dilfeient (‘states and having s('V(‘r(' infection 
of the disease was sprayed with Blitox, a copper 

o.xycliloride, at dilferent intervals. In one experi- 
ment a pcwver spray(‘r was used whih' in another 
experiment, a hand operated sprayer was us(‘(U 
44i(‘ treatments were : 

1. Uonlrol (unsprayed). 

2. Blitox in 2 rounds at fortnightly intervaf 
(standard practice till late sixties). 

3. Blitox in 4 rounds at fortnightly intervah. 

4. Blitox in 4 rounds, the first 2 at fortnightly 
and two subseejuent ones at monthly interval. 

5. Blito.x in 4 rounds at monthly inteival. 

'I’he same treatments were also applied to tea 
under heavy shade with hand sprayers only. Scoring 
of disease im idence was done on a scale of 0 to 4,. 
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for all the ljushes in each experimental plot of every 
replication. 'I'he average s(’or(' of red rust incidence 
per l)ush is recorded in table 1 under each treatment. 

Table 1. Incidence of red russt on a score of 0-4 as influ- 
enced by various treatments of spraying rounds 
under two shade conditions and types of sprayers. 


Spra) ini; 


I’oor - 

shade 

Heavy shade 

roiinrU 


- ■ — - 

, 

- - — — - 


Bliiov 

Hand 

Power 

Hand 


used 

spraver 

sj)rayt'r 

spra>er 

Cinnuol 


2. (it 

2.5(> 

1.51 

2 r«)rlnit;luly 

a ki;4ia 

1 .40 

1.41 

0.90 

1 loitnisluly 

10 kv^Oia 

0.97 

0.91 

0.4(. 

2 (niUnj;h)ly 

2 montlilx’ 

10 ke* ha 

0.52 

0.19 

0.,44 

4 montlily 

10 ki; 'ha 

0 . 5 1 

0.54 

0.40 

C. n. at 

IV 05 

0.29 

0.4H 

0.44 

C. \’. 


!:t\, 

24'*,, 

4 7 '5, 

Xo. ol lllislics p<' 

r ploi 

29 

10 

.50 


I hough the K'd rust incidence is muc h lu-avier 
unde r j)oorly shaded condiiions, the (‘fleet of diti'er- 
(iit trealments is almost paralh'l. I'urth(‘i more, 
thcK' is hardly any diflcren((' b(‘(\\(‘en the eflicacy 
of hand and j)o\\(‘i’ sprayeis. 

rh{‘ finding confirmed ('arlier conclusion that 
two rounds (d' coj^per fungicide sprayc’d at fortnightly 
inicavals (old standard practice) significantly r(‘duced 
red rust incidence, liu reasing the spraying rounds 
to four, lurlher reduced the disease incidence signifi- 
cantly. 

Interestingly with four rounds, tlie interval 
of spraying had little influence on the control of' 
jcd rust iji heavily shadc'd arc'as However, in poorly 
shaded leas four foitnightly sprayings were only 
half as effective as four monthly sprayings or two 
fortnightly i)lus two monthly sprayings : the latter 
two tr( atments being e(|\ial. 

Metabolic changes and Red rust infection 

Leaves from luxdthy plants and varic'gatc‘d and 
partially variegatc‘d Ic'aves from red lUst infc'sled 
plants were analysed for amino acids and sugar 
contents l)y tlie Bio-cheniistry Department. I’he 
results are given in table 2. 


Table 2. Metabolic changes in tea leaves caused by 
red rust infestation. 


Condilion ol h'aves 

‘5, Amino acids 
in dry leaccs 

Sugar '5, i 
leas es 

roUilly \ari<\C[afed 
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4 . 9 ) 

Pa 1 daily variegated 

1.454 

5.77 
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0.192 

7 . 29 
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2.091 

2.44 


High amino acid contc'nt of the variegated leaves 
indicated hydrolysati on of proteins, brought about 
by the infeetiou. Low sugar content is suggestive* 
ol incrcasc'd host respiration and absorption by the 
jiarasite. Use of this information lor an imf)roved 
control of red rust will have to await fnrther 
deve lopments in future. 

Branch canker [Aolaosfma acufeala IVteh. Syn. 
Tunsladia aculeata ( Fetch i Agni: 

Throny stem blight is a stem disease confined 
to the Darjc'cling rc-gion, caused 1)\ a slow growing 
wound parasite that take's years to make its presenee 
felt. Fhere'fore, to assess the effects of tre'atnienls 
on the dc'gree of dcve'lopjnent of the disease, it l)(‘c- 
comes necessary to keep an area under observation 
on a long term basis. I his ye'ar observations were 
macie in 3 different experimental site's to record the* 
incidence of thorny stem blight in plots recc'iving 
(I) XFK, ( 2 ) High level of Potash and (3 a sys- 
temic fungicide. 

NPK manuring and thorny stem blight 

I’hcsc obse'rvations have- been continued since 
196(), in an .\PK c'xpcrimenl earrit'd out by the 
Darjeeling Advisory Branch. The treatments in- 
eluded (>3 kg \ per hectare in combination with 
0, 22 and 45 kg P/)^ and K/) per hectare. Xo 
significant effect on the disea'^e incidence was newice- 
ahle in any of the treatments. 

High level potash and thorny stem blight 

In this trial potash was applied at the rale of 
t), 90 , 180 , 270 and 360 kg per hectare. It was I'oimd 
that a high dose of potash did not in any way inllu- 
ence the degree of disc’ase incidence. 
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Systemic fungicide and thorny stem blight 

An experiment was initiated during 1970 to 
study the eflect of foliar application of a systemic 
fungicide (Benlate) in mitigating the disease inci- 
dence. Observation on the development of the 
disease till date has not shown any significant 
effect of the treatment. 

Black rot {(.(nticium theae Bernard & ('oitirium 
inrisum Betchj 

Screening of fungicides ; Hoe 6052 (rarb- 
werke Hoeehvt Ag.), Benlate (Du Bont de Nemours 

Ho.) and Dikar (Indofil Chemical Ltd.) were 
tried in the field to evaluate their eflicacy in eontroll- 
ing Black rot. The products tested did not cause 
any significant reduction of the disease. 

Chemical control of Black rot 

In the Black rot control trial, laid out in the 
North Bank in the year 1968 (reported earlier), 
the application of 2 rounds of a standard copper 
fungicide iBlitox) at fortnightly interval during the 
crucial stage of development of the fungus resulted 
in a high reduction of the disease (80-92'\,) and 
great('r yield return (8-10^’^^. Application of 2 
more rounds during the same period in 1969 resulted 
in a further reduction (91-96^,,) ^1^ the disease and 
higher yield return (14-I9‘h,) that year. Vhe yield 
data have been collected by our North Bank Advisory 
set up and the observations on the progress of the 
diseases have been made by the Mycology Depart- 
ment over the years. 

d he figures for 1972 indicate a strong residual 
effect of the treatment. An increase of 15-18^{, in 
yield and 4 1-50*', , reduction in incidence of the 
disease is still being recorded in the sprayed plots 
(see fable 3). d'his is noteworthy considering the 
fact that the spraying was done in 1968 and 1969, 
just as the disease started showing up. 

d'he figures reveal the beneheial effect of spraying 
against a disease that persists on a bush from year 
to year and reduces the maintenance leaf area, 
thereby affecting the photosynthetic potential of 
the plant. Interestingly spray of 2.5 kg/ha by Fontan 
sprayer is as effective as 4.5 kg/ha. 


Table 3. Effect of chemical control on the incidence of 
Black rot on a score ^ 0-4, and yield of green 
leaf in 1972. 
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High dose of potash and Black rot 

Our observation till date have not indicated any 
consistent relalionshij), though in one trial we noticed 
a trend for more Black rot in high potash plots. 
Observ^ations will be continued in this context. 

Blister Blight 

Blister blight in Assam was ol)served in April/ 
May. 1971-72, was an abnormally bad yeai* for 
blister blight in Assam. 

.\n observation on tlu* attack of blister blight on 
plots manured with high dose ol' potash did not 
indicate any relationship of the latter with disease 
incidence. 

Purple root rot 

Observation was continued in a garden in the 
North Bank to study the effect of chemical treat- 
ments on the development of purple root rot, a 
primary root disease of tea caused by Ilelicobasidium 
compaclnm. No mortality has since been recoided 
even in the (’ontrol plots. 'Fhc experiment is conti- 
nued. 

Charcoal stump rot 

Imur soil fumigants viz. Shell DD, Vapam, 
Telone and Dichlorocthylene are being tried against 
charcoal stump rot, a primary loot disease caused 
by Uslulina zonata. 
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Lightning 

'J’wo lightning adectcd patches were analysed 
lor their microbial population by soil dilution method, 
on 5lh and 16th day of the lighlning strike, respecti- 
vely. 'I'he results were very intc'resting. The I'ungal 
llora was not much allected by lightning but bacter- 
ial jjopulation diminished to only one fifth of that 
of the neighbouring soil. 

I n the i^ast, the recommendation was to keep such 
patches under green crop for two years. In view^ of 
the above the replanting could be done in as little 
as 3-4 months. 'This can be done by ujnooting all 
the wood)' matt'rials to eliminate the setting in ol' 
primary root rots, followed by proper manuring with 
ir)0-2('6 tons of cattle manure and high levels of 
1* K. I'Uitlier experiments arc in progress. 


Primary root diseases in slopes (Darjeeling) 

In our observations on the prevalence of diseases 
in din’erent localities it has come to our notice that 
the spread of jainiary root diseases can take place 
at a faster pace down the slopes if after uprooting 
of the dead plants, the infected material is allow'(‘d 
to remain on the soil surface, specially during the 
rains as these are naturally w ashed down and lodged 
in an otherwise disease free area to give rise to 
fresh foci of infection. It is, therefore, essential that 
while uprooting plants affeeted by primary root 
diseases, sj)ecial care should be taken to remove all 
the diseased material from the site in one operalion 
on the same day. Uprooting of Mich bushes are 
better avoidctl during the rains. 
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Biochemical Differentiation of Clones 

l{,xpcriineiits were conducted to see wlietlier 
din'erciices in the cnp-cluiracters of teas detected by 
the rca d’asters would reflect in simple biochemical 
attributes like enzyme activity and oxidisable poly- 
phenols of' green leaf' (cf. annual report 1969-70). 

'The din'erentiation ol' 4 clones and 3 clones and 
a jat was reported in the annual reports of' 1969-70 
and 1971-71^ respectively, on the basis of' enzyme 
activity hour) and total oxygen 

uptake I/d ing 2 hours) of green leaf' and condensed 
polyphenols of ti‘a viz., theaflavins and thearuf)igins, 
the two principal groups of pigments or colouring 
factors responsible for the cpiality of North East 
Indian plains teas. However, even in the same 
source of leaf, a small variation in any of the stag(‘s 
(withering, rolling, f('rmentation and drying) of 
manufacture alters tlu' eontents of' theaflavins and 
thearubigins of tea. 4 heiel'ore, we cannot differenti- 
ate the clos(‘ly r(‘lat(‘d (lones and jals on the basis 
of theaflas'ins and iheaiubigins alone. Keeping this 
view, enzyme acti\'ity (Q^O^) and the total oxygen 
uptake of green leaf were determined for clones 
'l'V-2, 4 \'-10 and I V'-IH besides studying some 
other chemical constituc-nts subscxpic'utly dc'sciibed. 
It was found that the increase of enzyme activity 
and total oxygen uptake of green leaf improved the 
quality of thc‘ coi responding black Ic-as manufactured 
under identical conditions c)f |)r()c:essing. I'hus on 
the basis of these findings, the bioehc-mical lanking 
of the three clones may be placc-d in the* ordcM' of 
clones rV-2, i'V-lO and d’V-lB. London and I'ock- 
lai tasting jjancls also corroboratc'd the biochemical 
ranking ol clones. 

In Older to see whether othei’ chemical com- 
poiu-nts play any significant role in the above classifi- 
eation bc’sidcs c-nzyme activity and total oxygen 
uptake, analyses of the chemical constituents viz., 
chlorophylls (sum of a and b chlorophylls), amino 
acids (sum of aspartic acid, glutamic acid, serine, 
glutamine, alanine, tyrosine, valine and iheanine), 
sugai's (soluble), caffeine, soluble solids and total 


polyphenols (sum of ( ) epigallc)catc*chin, ( ) 
epigallocatechin gallate, ( -) epicatechin gallate 
and iheogallin) of gieen leaf, residual polyphenols, 
theaflavins & thearubigins and caffeine of the coi res- 
ponding teas wc-re undertaken during the* season. 

Sugars and total polyphenols of grec*n leaf were 
positively correlated with quality whereas amino 
acids and chlorophyll contents of' grc'cn leaf' were 
negativclv con elated. Polyphenols w ere almost same 
in clones rV-2 and fV-lO l)ut thc-y werc‘ mnch 
lower in l V-18 (figine 1). Amino acids wc-rc* the 
highest in PV-IB and almost similar amounts in 
r\— 2 and TV- 10 throughout the entire season 
from April to end o|'\o\ember (f'igiirc* 2). Similarly 
sugars wcM‘e tlie lowest in 4'V-IB but weic‘ almost 
similar in amount in ’I V-2 and I'V-lO. Lalfcdie 
was found to be* the* lowest in lA'-lO inspite of' liigli 
amounts of polyphenols and high enzyme* ac tivity. 
4'his is pc*rhaps one of' the r(*asons why clone 4 V"-1() 
was inferior to r\'^-2. Revcisc* was the case with 
I'V'-IH. It had low polyphenols and enzyme activity 
l)ut high caffeine* c'ontent. On the* basis of tlu-sc* 
analysc-s it was found that the quality of c lone* fV-lO 
was almost similar to clone rV-2, although in 
ranking the* three clones I V'-lO was intermc'diate 
in fjualily. 'flu* (|uality of r\'-l8 was the poorest. 
Such a method of' eanking the clone's may also 
be extended to some other I'ocklai rc'h'asc* clon(*s 
which we*re (*arlier analysed ( fable* 1 ). 


Table 1. Biochemical order of preference of Tocklai 
release clones and jats on the basis of enzyme 
activity and total oxygen uptake of green leaf. 


C'.huu's 
& jal 

Kn/.yim* ac livity 
(Q().2 Z/l/tM^/ 
hour) (av( rai;(‘ 

2() icja als) 

t otal oxyi^en up- 
take (Ml/ruK/2 
hours) (aecratee 

2() repeats) 

Itioc liemi- 
eal ordej- 
of prete- 
reuee 

I'V i 

()().> ‘ error 
10.78 f 0. 1 1 

IM’. 1 error 
12.00 i t). 00 

I 

r\ 2 

10. 17 '0.11 

10.78 ‘ 0.08 

2 

'1\' 2 

Hi. 00 0. 10 

10.70 1 O.Ot) 

.8 

r\' M 

10.04 0.18 

0.00 i 0.08 

4 

r\' 10 

H;.87 ^ 0.008 

8.80 • 0.027 

,8 

'I\' 12 

17.40 0. 10 

8. 18 ■ 0.00 

(i 

rv 1 1 

H,.00 M). 12 

8. If) i 0.020 

7 

\\ a 

1").0.8 ' 0. 12 

0.87 : 0.01 

8 

.si<K k-ir)0 

17.70 0.11 

7 . .80 ‘ 0 . 08 

0 

r\' 18 

1").J51 ‘ 0.082 

7.00 0.081 
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It was found that the enzyme activity (QO,) 
of 9'V-14 was slightly higher than that of 'rV-3 but 
the total oxygen uptake of the former was appreci- 
ably lower than the total oxygen uptake of the 
latter. Although such dilferences between clones 
in enzyme activity and total oxygen uptake is 
real, this small difference does not reflect appreci- 
ably on the cpiality and therefore the clones d'V- bl- 
and 'rV-3 may be [ilaced in the same rank. It was 
further observed that the clones TV-IO, I'V-ll and 
TV- 12 were almost similar in nature owing to their 
similar enzyme activity and total oxygen uptake. 
As regards Stock 450, its enzyme activity was higher 
than that of clone TV-8 but the poly phenolic content 
of stock 450 was low. That is why stock 450 was 
ranked next to TV-8. 'Fhe clone TV- 18, however, 
was the poorest clone of all I'ocklai release clones so 
far analysed. 

Biosynthesis of polyphenols 

The biochemical classiflcation of the above 
clones indicates that quality increases with the in- 
crease of both oxidisablc polyphenols and enzyme 
activity. 

Recent in virlro studies of the metabolic pathway 
of polyphenols indicated that poor clones and jats 
having low polyphenolic content may possibly be 
improved by chemical means. 

Tea shoots of two clones were dipped in watei' 
with and without chemical for 44 hours. Shoots 
were then dried in the usual manner and their 
polyphenolic contents were determined spectro- 
photoinetrically after separating them by two-way 
paper ehrornatogiaphy. 

The results are given in table 2. 

Table 2. Effect of chemical treatment on polyphenol 
contents of t ea shoots . 

Ivxpcrinirnlal 

Clone 14/1 1 lA— 1 

’rrt'atment 

Water Chemical Water Chemical 

Polyphenols 

rheogallin (I..'')(i4 O.tiOB 

(-)-Epigallocate( hin 3.017 3.587 

(-)-I’,pigallocalei hill 2.003 3.558 

Kiillate 

(-)-Kpicatcchin gallate 1.2()4 1.371 

‘ Total 7.508 9.121 


The polyphenols, (-)- cpigallocatcchin, speci- 
ally (-)-epigallocatechin gallate, increased to a 
great extent. Tliese are responsible for the produc- 
tion of theaflavins, the golden yellow colour of a 
cup-infusion. However, ( )-epicatcchin gallate, 
responsible for strength, did not increase ap| reciably. 

Effect of pH on quality of tea 

Attempts were made to regulate the formation 
of tlieaflavins and thearubigins and keeping cjualities 
of made teas by adjusting the pH value of tea leaf 
during the processes of manufacture by suitable 
means so that a desired overall quality of tea could 
be obtained. /\ few commercial experiments were 
carried out in different tea estates during this season 
where 20 chests each of 6 grades were shipped. 
'Fhe tasting reports (London) of those teas clearly 
indicated that the quality of tea so manufactured 
was superior to normal ones. On an avtaage there 
was a rise of about 25 per cent in rating or valuation. 
Market value of the treated teas was also higher. 

Besides the rise in valuation, the other impli- 
cation is that often the fermented leaf in commercial 
gardens cannot be dried in time due to sudden 
power failure and the quality of the tea so dried 
deteriorates. Such deterioration can be cliecked by 
adjustment of pH. 

Further experiments will be conducted this year 
for application of ihis technique in the held. 

Theaflavins from tea-waste for the improve- 
ment of poor quality tea 

Theaflavins were extracted from tea waste and 
(l.'I'.Cl. tea particles after fixing the tlu'arubigins 
in the solution by alkaline buflVr. I’lie theaflavins 
so extracted were sprayed in dillerent concentra- 
tions in water to tlie fermented tea leaf particks 
before drying to improve the quality of poor teas. 
Such teas on evaluation were found to show improv c- 
ment in overall quality. 

Study of spectra for theaflavins of underfer- 
mented, normal fermented and overfermented 
CTC teas 

4'hcaflavins were extracted from underfermented, 
normal fermented and overlermentcd C.’.'F.C. teas 
after hxing the higher polymer (4'hearubigins) by 


().5K) 0.601 
5.191 5.592 
4.5(»1 5.039 

2.225 2.231 
12.187 13.463% 
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alkaline buffer in solution. 'The theaflavins so ob- 
tained were purified by precipitation from pure, 
dried chloroform (K. Merck). The spectra of the 
purified theaflavins and of the corresponding tea 
infusions were under study. 

Miscellaneous Experiments 

(a) Analysis of red rust infested tea leaves 

Red rust infested dried green leaves collected 
by our Mycologist were analysed for amino acids 
and sugars. The results are presented in the report 
of Mycology Department. 


( b) Analysis of samples 

One hundred seventy-four tea samples from Iran, 
kenya. Botany Department, Research Engineering 
Department, Tea 'Fasting Department and various 
tea estates were analysed during the year. 

(c) Moisture Meters 

Nine infra-red moisture meters (Kaybec & N- 
Foss types) from various tea estates were calibrated 
during the year. 
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Quality vis-a-vis pruning & skiffing 

'I'hc expcriiDcnt on assessmenl of ihe cu[) 
character of ihc teas made IVom difrerent modes of 
pruning and skiding was also continued during 
the year. 

In conformity with the earlier results (Ann. Rep. 
1969-70, 71-72) the teas made from pruned bushes 
were found to be distinctly superior to skified and 
unpruned bushes. 

Trough Vs. Natural wither 

Object ; 'I’o obtain 68^(, to 70% wither in 
8 to 10 liours in trough with a hygrometric differ- 
ence ol‘8"F and HFf' between the wet and dry bulb 
thermometers for comparison with natural wither. 

For both trough and natural wiih(‘r the wither 
obtaiiu'd averaged to 70'\, and the withered leaf 
had an average moisture content of 68.4^'(,. It was 
found that the best result was obtained with a hygro- 
metric difference of 8°I*'. 'The liquors of the teas 
were snpeiior in ({uality compared to natural wither, 
'flu* teas produced with a hygrometric difference 
of lO’f’ were also satisfactory compared to natural 
wither. 

Thickness of spread and fermenting times 

Object : Fo determine optimum fermenting 
time and thickness of spread in the fermenting room 
for ('..d'.d. and orthodox types of manufacture. 

C.T.C. 

After the leaf was processed by the green leaf 
processing machine the processed leaf was spread 
immediately on trays in the fermenting room at 
thicknesses of between 13 mm (|") and 25 mm (1") 
for fermentation. 

On every occasion teas fermented for 1 hr. 40 
mins, with 13 mm (J'") thickness was preferred followed 
by I hr. 30 mins, being fuller brighter and brisker 
in cup. 'Fhe temperature in the fermenting room 
was 26 C1-27"C (79'"F-8F’F) having a hygrometric 
difference of 2'^F. It was also observed that leaf 


lermented f()r I hr. 50 mins, produced liquors which 
was comparatively dull and heavy on the palate. 

Orthodox 

Fhe processed leaf was immediately spread on 
the fermenting room trays between 19 mm (’|") and 
38 mm (U'O thickness. Fhe fermentation times 
taken for comparison were 2 hrs. 30 mins., 2 hrs. 
45 mins, and 3 hours. 4'he temperature in the fer- 
menting room was 27'^Cl {80^1') and the hygrometric 
(lilidence maintained there was between 1.5“F-2'^I'. 

On every occasion processed leaf fermented fbi* 
3 hrs. with 19 mm (^") thickness was preferred 
followed by 25 rnm (1*) thickness. The liquors 
of the teas fermented for 2 hr. 45 mins, achieved 
aroma, strength, brightness and briskness. The 
teas fermented for 2 hrs. 30 mins, had only a little 
colour and strength with a slight greenish taste. 

Dual Manufacture 

I’he elfect of dual manufacture with Focklai 
released clones viz., TV I, TV2, 'FV4, TV6, 'FV12, 
TV 1 6, TV 1 7, 'FV18, and Stock 450 was under 
experimentation. Work carried out so far has not 
yielded suflicient information but from the 
preliminary findings it seemed that TV I, 'FV2, 
'FV4, TV 6, 'FV9, 'FV16 and TV17 may be suitable 
for orthodox with scope for 'FV8, 'FV9, 'FV18 

and Stock 450 for CM'.Cl. in dual manufacture. 

It is proposed to continue the experiment further. 

Blending and Fermenting 

Experiments on blending of clones and standar- 
disation of fermenting time for individual Tocklai 
released clones were carried out. Initial results were 
interesting and the experiment is l)eing continued. 

Long term trial of clones 

During the year 1972 leaf samples of 13 clones 
from a loitg term clonal selection trial each weighing 
one kilogram were manufactured in the Miniature 
Factory both by Orthodox and Cl.’F.C!. methods 
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for evaluation of their eiip characters. These teas 
^verc tasted IH times at 'focklai, 10 times at Calcutta 
and 12 times in London by the respective Panels of 
Tasters. Prom this experiment three clones appeared 
to be of promising quality. 

In regard to this experiment another lot of 11 
< lories from Indo-China and China hybrid stocks 
were manufactuied and tasted by I'ocklai, C'alcutta 
and London l*anels of Tasters. The results showed 
2 to 3 clones to be promising in cup characters. 

Selection of flavoury clones 

Five (Urinary clones together with two controls 
were manufactured in 1 kg rollers by orthodox and 
(’. 'I\ C. methods for assessing cup characteis. 
These teas were tasted on 22 occasions at Tocklai, 

1 1 occasions in Calcutta and 13 occasions by London 
Panels of Fasters. IWo clones appear ed to be promi- 
sing with good flavoury character and acceptable 
liquors. 

Biclonal progeny 

During the year 10 samples of experimental 
Ihclonal stocks were mamifactmed by orthodox and 
C. r. C. methods for evaluating the cup characters, 
'lasting results indicate all the stocks to be more 
or less similar in their cup characters. 

Eight samples of Rydak biclonal stock together 
with one control were manufactured in the Minia- 
ture Factory by orthodox and F. C. methods 
for evaluation ol‘ their liquors. None of the biclonal 
stocks were found to be of outstanding quality. 

Grafting experiment 

In rontinuation of the experiment on grafting 
(Airn. Rep. 1971-72) nine samples were nranufact- 
rtred in the Mirriature Factor y dur ing the year by the 
C. T. C. method to see the influerrcc of root stock 
orr quality of grafted scions. In conforrrrity with the 
earlier resirlt, this year’s result also showed that the 
root stock corrld have slight influence on quality 
of leaf of the grafted scions, but the difference was 
no! marked. 

Flush characters : Differentiations of Tocklai 
released clones 

93 .samples of TV2, "J’VIO and TV 18 wer e manu- 
factiu'cd in the Miniature F'actory by C’. T. C. method 


on weekly intervals commencing from April (1st 
flush) to the end of November. Fhese teas were 
tasted by Focklai, C’alcrrtta and london Panels of 
Fasteis and it was found that of the three clones 
selected for- this trial 'l'V2 was the best Ibllowed by 
FVK) and 'FVI8 in cup qirality throughoirt the 
season. 

TESTING OF COMMERCIAL PRODUCTS 

Non-Interleaved tea chests linings 

Fhis lirring w'as sirpplied by Messrs Williamson 
Magor & (o. Ltd., to lirrd out its suitability nr other'- 
wise for packaging of tea. The experiments are in 
progr-ess. 

Jute lac boards for tea chests 

Sample of this product w^as supplied In Indian 
Jute Industries Research Association, Calcutta. Fhe 
tea chests irrade of jute lac boaixls bulged even 
with a storage period of three months lime and 
appear-ed to be weaker than the normal tea chests. 
But no taint was detected in tire liquors ol' teas 
packed in jute lac boards. 

'F(!as stored in jute lac boards chests also picked 
up more moisture as compared to norrrral chests. 
Fhe material 'was therelirre considered rrnsuitable 
for irsc as tea chests. 

Deepelean (liquid detergent) 

'Fhis product stun by Messrs D. M. Industries 
(India) Clalcrrtta is being tried to find out its suitabi- 
lity as a cleaning agrurt in tea factories. Result of 
the trial will b(* available in the next rnanul'acturing 
season. 

Pcrvenol - N (detergent & cleaning agent) 

'Fhis product sent by Messrs Industrial Sales <1^ 
Agencies, Calcutta is being tried to find out its suit- 
ability as a (leaning agent in tea factories. Result 
of the trial w ill be available in the next manufactur- 
ing season. 

^Reliance’ Brand Hygienic Food Conveyor Belting 

Sample of conveyor belting received from Messrs 
Haider Agencies Ltd., Calcutta was tried and the 
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product was Idund suitable for use as a conveyor 
lor green leaf processing machines. 'Fhe material 
did not impart any taint to the made teas provided 
it was thoroughly washed to remove the cleaning 
agent uilli clean water. 

Aluminium linings 

Some random samples of aluminium linings 
ol ‘025 mm and ■020 mm gauge used by commercial 
estates were collected for packagittg of tea in plywood 
tea chests. 'The object of tlie experiment was to have 
an impeivious layer in tea chests to stop moisture 
absorption from atmosphere and also to find out 
how it compared with the experiment carried 
out with some aluminium linings collected in 
1968-69. 

Observation made on these aluminium linings 
revealed that linings of ’020 rum gauge were appreci- 
ably less porous compared to a preliminary investi- 


gation made with linings in 1968-69 season (Ann. 
Rep. 1968-69, p. 89). However the random samples 
were considered to be suitable for using as linings 
for bulk packaging. 

TEA TASTING AND ESTATE VISITS 

Tea Tasting : During the si^ason 3,554 ex- 
perimental samples from Tocklai, 7,132 samples 
from estates for advising on manfacture and 4,079 
clonal samples from estates were tasted. Besides 
this, a large number of samples were also tasted 
during the visits to the factories. 

Estate visits and tasting sessions : The i'ea 
i’aster visited 32 factories for advising on manu- 
facture and attended 25 tasting sessions. 
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RESEARCH & EXPERIMENT 
ROLLING 

Continuous Green Leaf Processing Machines 

1. Disc Type Continuous Roller : Work on 
perl'cction of the rominrrcial prototype 122 cm 
(48") Disc Roller and the finalisation of the battens 


was continued during the year. Dilferent sets of 
battens were tried out at the pilot factory upto the 
end of June and the comparative samples of teas 
manutactured by the Disc Roller and Conventional 
Roller were tasted by 'Focklai and I.ondon panel 
of 'Tasters. A summary of tasKas report is given 
below : 


Datf of 
anufaclun' 

1 (K'klai 

I'asUTs (Rs/kg) 

I^oiuloil 

I'asleis (Marks) 


Disc 

(l<»nvrnti<»nal 

l)is( 

f l«>n\ enli«)ru 


Ro11<t 

Roller 

Roller 

Roller 

Ui.ri.72 

(i . 04 

(i.07 

4.0() 

() . 08 

23. 3. 72 

5 . 00 

(i.7l 

3.7}{ 

4.80 

2(i.r).72 

(i. I : 

7.00 

3.82 

4.30 

30.3.72 

3. 10 

(i. Ui 

3.0() 

3.70 

(i.ti. 72 

7.‘i.72 

3. 1<) 

3. U. 

O.Ol 

0. 1 1 

3/)7 

4.0! 


On make and appeaiance, both 'Tocklai and 1 he Disc Kollei- at this stage was shil't(‘d to and 

London 'Tasters remarked in most of the cases that installed at lleeleakah lactory and was tried out 

, , r • I • 1 I • -1 there against the factorv's conventional rollers, 

the teas are lairly twisted and contain some silverv r i i • ^7’ , ■ ' • , 

1 ocklai I asters valuations ol tlu“ comparati\ e samples 

collected fiom lliese trials ari* given in the table 

below' ; 


Valuations Rs. kg 


Date of 
nianufactiire 


Dis( Roller 


- 

( lonveniional Rol!<‘r 




1st line 

2iul 

ilrd liiK' 

( ’.oarse 

1st linr 

2tKl fin.' 

3r(l liin' 

(3<.:ii se 

12.7.72 

t ) . 3( ) 

3.00 


3.00 

()..30 

(),()() 


3.00 

13.7.72 

3. (Ml 

1.00 

3.. 30 

(..00 

(..00 

().0() 

3.00 

7.00 

14.7.72 

1..00 

().00 

(i.OO 

0.00 

(). 30 

I..30 

(..30 

(.,30 

13 7.72 

i).00 

(..00 

(i.OO 

(i.OO 

(i..30 

(i.3() 

(>.30 

(i.30 

18.7.72 

0.00 

(».00 

3.30 
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7.0(1 

7.00 

().30 

(i.,3() 

10.7.72 

().00 

i> 00 

() (M) 

3.30 

(...■() 

(>.30 

7.00 

(). 30 

20.7.72 

3.00 

3.00 

3.00 

3.00 

(>.00 

().()() 

(i.OO 

3 . 3<) 

23.7.72 

().00 

(>(•() 

10 

3.30 

(i..30 

(i..30 

(i.Oil 

(>.00 

2().7.72 

3.00 

3.00 

4.00 

3.00 

(i.OO 

().()() 

()..30 

3.. 30 

8.10.72 

r, .00 

7.00 

(). 33 

0.00 

0.00 

0.30 

(i.(i0 

O.()0 

27.10.72 

().00 

(..00 

7.00 

7.00 

(i.3() 

0.50 

() . 00 

0.00 

20.10.72 

3. 10 

3.3() 

4.00 

3.00 

(i . 00 

()..30 

(). 10 

0. 10 

8.10.72 

Is’ 

Roll 

0.30 

0..30 

(i . 30 


7 . 00 

7.00 

0.00 

27.10.72 

in 

0.00 

0..30 

0.00 

— 

0. 10 

0.00 

0. 10 

20.11.72 

Clonventional 

R.>ller 

(i.(i0 

(..(.0 

(i.lO 

— 

li. 10 

0.10 

0.00 


On dry leaf appearance Tocklai 'i asters have green leaf 'I’he lines are reported to be fairly well 
remarked that the Disc Roller leaf is blackish with tw'isted particularly when the Disc Roller was used 
some silvery tips and a few^ stalks and unprocessed after the 1st roll in a conventional roller. 
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It appeals (hat the processing aclion on the 
lines obtainable witli the Disc Roller is comparable 
to that of the conventional rollers, particularly on 
the samples obtained JVoin the tests where the Disc 
Roller was used for the second and third roll. But 
the Disc Roller will recpiire furtlier improvement 
in respect of the make of the whole leaf grades if the 
machine has to be used on its own. riu‘ Disc used 
in conjunction with the conventional roller pioduces 
the necessary leaf style and improves the liquors 
of the 2nd. 3rd lines and coarse mal. Work in connec- 
tion with its impi-ovement is in piogross. 

2. Barbora Continuous Leaf Conditioner : 

Ther(‘ is nothing to report on this machine apart 
from the I'acl that a I’urlher batch ol* four machines 
were manulaclnred by Fort l'aigine<‘ring Works 
and sent to an Uppei' Assam Estati', oiu' Dooars 
Estate and a South Indian Estate. 

3. Leaf Sizer Attachment : I'he E(‘af Sizer 
Attachmtmt was tried out successl'ully with a 15" 
rotorvane at Kakajan factory only for a lew times 
towards the beginning of the season after which 
it had to be stopp(‘d tlieri* becausi* ol inadequate 
power sup[)ly. 'Ehe attachment was then shifted 
to C'iunamara lactory and similar trials were carried 
out there with a rotorvane against the normal 
rotorvane'C. C. manufacture. I’ocklai Tasters’ 
valuations of the comparative samples collected 
from these trials are given in th(‘ table below : 



Valuations in Rs 'kg 


D.'itc of 

Kotorvanr j 

K(. 

oivarw i C 

inaniiraciuK’ 

CuIKT ( 1 cm ) 


( 2 cuts) 

5. H. 72 

() . (,0 


().00 

8. 8. 72 

5.00 


(LOO 

10. «. 72 

(..00 


5.. 50 

11 . a. 72 

5. 10 


(L():) 

12. a. 72 

1. 00 


5.50 

17. a. 72 

().00 


7.00 

2:u a. 72 

(..(() 


(>.10 

:u. a. 72 

5.00 


5.10 

la. 0. 72 

7.00 


(I.IM) 

27. 9. 72 

(L.50 


7.00 

28. 9. 72 

(L.50 


7.00 

1.10. 72 

7.00 


(i.50 

2a. 10 . 72 

5.10 


(LOO 

1.11. 72 

.5 . 50 


().00 

2.11. 72 

0.00 

{foll<)\v<-d l)v 

1 (2T. (2. rut) 


5.50 

14. 11. 72 

5. 10 


(>.(H) 


lowards the end of the season the (iutter Attach- 
ment was taken to Meenglas factory in Dooars for 
trials under Dooars conditions. The following table 
giv(‘s 1 ocklai I'asters’ valuations of the comparative 
samples collected from these trials at Meenglas 
Ikctory : 


l)a(c ol 

Rotorvane 

Rotors anc 

Rotorvane 

Rotorvane 

inaniiraclurc 

• riiUrr 

; Clutter 

• cutter 

(1. T.C. 


(1 cut) 

(1 rut) 

(1 c-nt) i 

(2 cuts) 



erre 

(rre: 




(1 cut) 

(2 cuts) 


29.11.72 


5.10 


5 . 50 

30.11.72 

5.00 

3 . 90 

4.00 

5. 10 

1.12.72 


5.00 

5.10 

4.10 

2.12.72 

4. 10 

5.00 

5 . 00 

5.00 


According to Tocklai I'asters in all the above 
cases leaf is well cut, l)ul contains some fibre. 

I'he cutter attachnumt was intended to lx* deve- 
loped to work in conjunction with continuous leaf 
conditioners. However, as 15" commercial B. L. C.s 
were not available near Tocklai, the attachment 
was modified to suit 15" commercial rotorvanes. 
From the limited number ol' trials with commercial 
rotorvanes it appears that at this stage of develop- 
ment even in conjunction with the rotorvane this 
cutter attachment can easily replace the first cut 
in C. T. Cf and the leaf emerging from this attach- 
ment will require one subsequent Cl. V. Cl. cut to 
make them marketable at par with normal rotorvane 
with two (1. V. Cl. cuts. 

Fermentation 

Tocklai Continuous Fermenting Machine t 

The first commercial unit of the I’ocklai Clontinuous 
Fermenting Machine has been manufactured by 
S. F. India Ltd. and was installed at lithelwold 
'T. E. near Dibrugarh. In this machine the trays 
have been eliminated and better air washing arrange- 
ments have been introduced. 

Drying 

Tocklai Continuous Tray Tea Drier : 1 hr 

first Mark 11 version of this drier made by Steels- 
worth was installed at Bogapani T. E. The capacity 
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of this drier is reported to be around 220 kg of (l.T.C. 
tea per hour under favourable conditions. I'he 
construction of the second drl er by them is progress- 


ing. rhe other licensees, Wesman Engineering Co. 
have also cf)inplcted the construction of their first 
drier. 



48'' Prototype Commercial Disc Roller. 


Miscellaneous 

Tikmany Tea Sorting Unit ; 1 he Tikmany lea 
Sorting Unit was tried out on eight different 
occassions to compare its performance with the 
normal sorting process at Duklingia 'fea Factory. 
While the fikmany Sorter gives five grades, Duk- 
lingia makes six grades. I'he Fikmany sorter grades 
may be named as (1; BOP, (2) BP, ( 3 ) Of’, (4) 
PD I D and o) CH. 

Ihe average percentage weights of the grades 
obtained in these comparative trials are: 


Tikmany Sorter 

Duklingia Process 

HOP 

HOP 

10.18% 

BP 5.<)7"o 

HP 

- 14.09% 

OF 19. 75",, 

OF 

32.21% 

PI) 4- J) }(). 19"„ 

PI) 

.08.42% 


1) 

^ 9.35% 

CM - 5.5K"„ 

CH 

. 1.05% 

Spill ’■>.21% 

Spill 

11.39% 

From this it is seen 

that tlu 

• I'ikinany Sorter 

gives higher percentage 

of BOP, 

PD t D and CH 

grades and lower percentage of 

BP and OF than 


the Duklingia normal process. 
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.Samples ()l all llic (liilcreiil grades from bolli the 
sorting processes \vei(‘ lasted and reported on by 
Focklai lea I asters. Ihe a\erag(' v<diiaiions of 


salable t(‘ 

as on 

pen 

'em age 

wc'iglil b.isis ( 

aleulated 

Irom d'o( 

klai 

faste 

rs' \ali 

aticnis of (he 

dilferent 

grades ar< 

as follows 





.\\(i 

au[f' \ aIuation 

Amount 

)f spill 



Rs. 


( Unsortalih' teas ) 

Datr 







['ikniany 

1 )uklin,ni; 

1 ikinanv 

Duklin^ia 


Sot 1 Cl 


process 

Sor ici 

prori’ss 

<1.10.72 

.'). 70 


5.72 

().90‘\, 

11.17",, 

7.10.72 

0.05 


5 . 55 

3. 45 A, 

11.17", 

13.10.7? 

<i.03 


5.77 

5.00", 

1 1 . 17" , 

19.10.72 

().08 


5.38 

<).42‘’,, 

10.25"',' 

20.10.72 

4.70 


5.02 

5.31"” 

10.25", 

21.10.72 

5.72 




4.90"„ 

10.25", 

24. 10.72 

5.88 



3.07", 

Iti.25‘\, 

25.10.72 

5.87 


4.84 

5.1X1", 

10.08% 

Avrraitc valuations 






likniany 

.Sorter 


Ks. 5.75 



Duklin^ia 

noiinal 

Ks. 5.31 



yjrocrss 






l)ifTerr'nr( 



Hs. 0. }•} 

in la\ our of I'ikrn, 

uiy S(ii ter. 


I'loni the locklai lusters' reports, it appeal's 
that in most of the (ases, teas sorted by Tikmaiiy 
Sorting Unit contain some fibre and are comparati- 
\ < 1) laigei in si/e. 1 hey aie also reported to be 
mixed in a number of eases. 

I rom the results obtained to date, it appears 
that 1 ikmauy Sortei' produces a higher percentage 
of primary grades and with a more cflieient cleaning 

arrangement, the machine will prove to be very 
useful. 

Dust : lo study the particle si/e magnified 
])hotographs of C. r, C. dusts produced by CL l\ C. 
rollers with dillereut numbers of milling and chasing 
grooves were taken under microscope. A seperate 
article on this aspect will be published in due course. 



Tocklai Experimental Statiopi 


General 

The Senior Research Engineer visited the Clentral 
Fuel Research Institute froni 11. 4. 72 to 13. 4. 72 
and had useful discussions with the Scientists there 
on the problems relating to combustion of various 
types of fuels available to the Tea Industry in North 
East India and modernisation of heat exchangers 
and tea drying equipment. He has since* reported to 
the Secretary, lea Research Association on the 
possibility of taking up these projects in collaboration 
with them. He attended the Annual ScienliHc Con- 
ferenct* of UPASI at (loonoor, two Engineering 
Sub-Tommittee meetings at (!alcutta, two meetings 


ol’ the Area Scientitic (lommittees held at Panitola 
and Doom Doonia and the Joint Area Scientific 
(lommittee meeting at Dooars. He also attended 
the demonstrations of the 'Eocklai (lontinuous fray 
lea Driers made by Wesman Engineering Co. at 
Calcutta and Stcelsvvorth Ltd. at Tinsukia. Further 
he visited the factory of Shaw Wallace & Co. in 
Madras to explore the possibility of manufacturing 
the Manual Plucking Aid there. He paid 36 advisory 
visits to difterent factories during the year. 

1 he Second Research laigineer paid 12 advisory 
visits to dill'erent factories during the y(*ar. 
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Crop-Weather Studies 

C Compilation of monthly crop and weather 
data collected through mailed questionnaire 
li’om Member estates in the Dooars for 16 years 
1957-721 has been compl(‘ted. 'The data are being 
eheeked and sciulinised foi- analysis on the electronic 
computer. Compilation of data collected from 
Memb(‘r (‘stat(*s in Cachar is in progr(^s. The object 
of this study is to find out the most critical periods 
and quantity ol' rain which affect the annual yield 
of tea in the Dooars and (Cachar, and to predict 
the irrigation recjuirement (if any) for these localities, 
dhese results will be test(‘d bv actual field trials. 

Sampling and Experimental Technique 

rh(“ study to maximise the clliciency and minimise 
the cost of i*\p(M irnentation on the adjustment of 
post-tieatmeni yields for individual years by th(‘ 
ancillary valuables, namely, pictreatment yields upto 
June, July & August, September, October, SejUetn- 
ber to taid season, October to end s(‘ason, November 
to end season, whole seasoirs crop and the pretreat- 
ment pruning weights, contimu-d duiing the year. 
Analysis of' data from 23 long-term experiments 
ranging from 5 to 16 years in the Assam Valley, 
Cachar, Dooars and Darjeeling showed that pre- 
treatment yields from September to end season 
was either more or almost equally eflicieiu compared 
to othei' ancillary variables for adjusting the indi- 
vidual N'cars' post-treatment yields in the plains of 
North-East India. In Darjeeling, however, |)retreat- 
menl vield of' July «S: .\ugust was found to be either 
more or almost equally eflicient compared to other 
ancillary variables. I’nrthci', in general, the adjust- 
ment of' post-treatment yields by th(‘ respective 
eflicient pretreatment yields was found to be effective 
on the yi(dd data of individual years upto about 
10 yeais in the .\ssam Valley and Darjeeling, and 
() vears in the (Cachai- and Dooars. 

dhese results, therefore, suggest that instead of 
taking the whole season’s crop as the ancillary vari- 
able, pretreatment yields from September to the 
(‘lul of' the s(‘ason in the plains of North-East India 


and July & August yields in Darjc:eling will be sufli- 
cient to adjust tlie individual years’ post-treatment 
yields, d'hese results arc similar to those obtained 
for cumulative totals of post-treatment annual yields 
(Ann. Rep., 1970-71, pp. 81-62) .Application of 
these results wall, therefore, not only minimis** the 
cost, but also wall increase tin* efheienev of (‘xperi- 
mentation in some cases . 

Long-term Survey-Experiments on Defoliation 
la) Current Season 

During 1971/72 cold wcaithei', the two main 
plot treatments, Prune-Deep Skiff and Prune- Deep 
Skilf-Xh'dium Skiff, wc’re dec']) skifled and medium 
skiffed, respectively, d'lu* data collected during the 
year 1972 from the experiments in the Dooars were 
analysed. 

d’he red spider infestation was piactically nil 
in all the* c'xperimental plots including the control 
(no defoliation and no chemical spraying) plots. 
Since r(‘d spider infestation was practically nil, no 
spraying was necessary in 34 out of the 36 chemical 
palliative plots. However, the yield of defoliated 
plots was found to be much lower than the undef()li- 
ated plots with or without chemical prophylactic 
spraying with tetraduphon (4'edion). The loss was 
found to be more than that of last year (23 j).c. as 
against 17 p.(\ last year, averaged over two main 
plot treatments) over the undefoliated chemical 
prophylactic sprayed plots. .As in previous yc-ars 
(Ann. Rep., 19(Tb69, pp. 1()2-1()6; 1969-70, p. 60; 
1970-71, p. 62 and 1971-72, p. 77), this loss may 
be attributed to the detrimental effect of the conti- 
nuous defoliation. No diOerence in yield between 
th(‘ chemical prophylactic sprayed plots and the 
control (no defoliation and no chemical spraying) 
plots was observed. This was undi'rsiandable be- 
cause the red s])ider infestation was practically nil. 

[b) Long-term Effects 

Ihis held experiment was laid out in tlie Dooars 
in 1963. 'Ehe details of layout and treatments were 
reported in the earlier report (Ann. Rep., 1966-69, 
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pp. 102-106). It was discontinued at the end of 
1972 plucking season. I’lie combined analysis of 
data over years collected from 1963 to 1972 is in 
progress to study the objectives outlined in the earlier 
report (.\im. Kep., 1968-69, pp. 102-106). 

Some of the tentative results obtained so far 
from the preliminary combined analysis (1963-72) 
are given below : 

Since the start of the actual treatments in 1964 
until th(‘ 1972 season, red spider infestation was 
generally very low in all the experimental plots 
<*xcept in 1968 when all the control (no defoliation 
and no chemical spraying) plots except one were 
sexerely atta('ked by red spider. 'Fhc peak period 
of infestation was found to be April and May, 1968, 
and the average percentage area of tea bushes affected 
in the control (no defoliation and no chemical spray- 
ing) plots was 35.7 p.c. However, in all the treated 
plots, red spider was controlled .satisfactorily. The 
yields from these treated plots were higher than 
the badly attacked control plots which were neither 
<lefoliated nor sprayed with chemicals. 

Although, defoliation or chemical prophylactic 
or chemical palliative spraying controlled red spider 
satisfactorily, the yield of the defoliated plots was 
found to be significant ly lower from the fourth year 
onwards than the undefoliated plots which received 
only the chemical prophylactic spraying and the 
loss gradually increased with the years, fhis can be 
seen in I'ig. 1, both for 2-ycar and 3-year pruning 
cycles. 

It is inteiesting to note from lug. 1 that the loss 
in yield due to continuous defoliation was generally 
more pronounced in the defoliated plots of 2-year 
pruning cycle than the 3-ycar pruning cycle. It is 
possible that this is caused by continuous defoliation 
having a greater detrimental effect on frequently 
pruned tea than on tea which is less frequently 
pruned. 

I’urther, during 1968/69 and 1971/72 cold 
weather, when the 3-year pruning cycle plots re- 
ceived medium -skiff, no defoliation was carried 
out in the plots assigned for defoliation. It may be 
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noticed from the figure that in spite of having no 
defoliation operation on these plots during 1969 
and 1972, there were significant losses in yield in 
both the years and these losses were more compared 
to the corresponding losses in the previous years, 
i.e., 1968 and 1971 respectively when the specified 
plots were defoliated. I'his suggests that harmful 
effects of continuous defoliation for some years is 
carried over on the yielding capacity of tea bushes. 


0 0 From 1963/64 to 1965/66 Pruning Cycle of Prune 

-Prune Deep Skiff and from 1966/67 to 1971/ 
72 Prune Deep Skiff— Medium Skiff Cycle 


0 — 0 From 1963/64 to 1965/66 Pruning Cycle of Annual 

Prune and from 1966/67 to 1971/72 Prune— Deep 
Skiff Cycle 




301 1 , .. . 

WM IKS isU mr imi isto hu 


Year — ► 

Fig. I : Percentage loss in yield of made tea 
(kg/ha) due to continuous defoliation over 
undefoliated chemical prophylactic sprayed 
plots from 1964 to 1972 for 3-year and 
2-year Pruning Cycles. 

Help to Other Departments 

The Department continued to extend co-operat- 
ion and help in solving statistical problems encoun- 
tered by r(!scarch vvoikers of practically all the 
Departments ol' the Station. Analyses of a number 
of long-term experiments on the electronic computer 
at the Indian Institute of Technology, Kanpur 
continued dining the year. 

Statistical Study of the Chemistry of Tea 

A scientific paper entitled ‘Statistical evaluation 
of the important biochemical constituents and their 
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cH’ects on colour, brightness and strength of North- 
East Indian plains black teas’ was submitted to the 
‘Journal of the Science of Food and Agriculture’ 
in U. K. and has been accepted for publication. 
The results of this study were reported in the last 
report (Ann. Rep., 1971-72, pp. 77-80). 

Survey on Field Management and Environm- 
ental Factors Affecting the Yield of Tea in 
the Dooars and Terai, West Bengal 

( loinpilation and checking of survey data on 
yield, fertilisers, type of planting, plant population, 
type of tea, age ol' lea, soil type, vacancy percentage 
and various other environmental and (ield rnanage- 
inent practices collected from the estates’ records 
for 16 years and for each section in all the 1 12 member 
estates in the Dooars and Terai during 1967-69 
has been eomplet(‘d. Scrutiny and coding ol the 
data arc in progress. This type ol work does not 
lend itself to desk calculators and, therefore, the 
Jarge mass of data is to be analysed on th(‘ electronic 


computer. Preliminary work on card designing, 
punching of the data on the card, verification, check- 
ing. etc., are also in progress. The object of this 
survey is to isolate the field management and environ- 
mental factors which affect the yield of tea and to 
estimate their individual contributions to throw 
light on the future course of research for increasing 
the yield of tea. 

Touring and Advisory 

The Statistician and two staff members visited 
the Indian Institute of Fechnology, Kanpur, once 
in connection with the statistical analyses of data 
from long-term and complex experiments on the 
IBM 7044 electronic computer. The Statistician 
also visited the Directorate of Agriculture, Lucknow, 
the Indian Statistical Institute and information 
Processing Clentre, Calcutta, during the year. He 
also paid three visits to Bokahola '\\ E. in connec- 
tion with the Uniformity I'rial which was also visited 
weekly by three staff members. 
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LIBRARY 

General 

Four new jouiiials were added to the subscrip- 
tion list and two were discontinued. As in tlic pre- 
vious years, subscriptions to the foreign scientific 
journals increased this year. 

Reorganisation 

One temporary typist was engaged for six months 
to type th(‘ (Classified CCatalogue CCards. The authors’ 
cards and other index cards were hand written. 
Reorganisation of library to improve reader service 
has been undertaken within the available resources. 

Four study cubicles for research workers have 
l)eeu constructed inside the [irevious main office 
hall, ihe library staff have been shifted to the hall 
permanently, thus permitting the reorganisation 
of the stack room, with addition of ten new steel 
racks. Spraying and varnishing of books have been 
carried out as usual. (Cataloguing of books and 
indexing of articles are continuing. 

Book binding 

1312 Journal Volumes were bound during the 
vear. Some old x'olumes of jouinals and books were 
rebfiiincl. 

Loan Service 

Under and Post-graduate students of the I’ca 
Science Department, Research scholars of Assam 
.Vgricultural University and Scientists of Regional 
Research Laboratory, Jorhai used the library. 'Flic 
I'ocklai (raiiiecs and the staff continued to utilise the 
library. 'l’.R..\. members usv'fl the library loi‘ 
references and information. 

Open Day 

On the occasion of the 2.3lh anniver.scry on 
India’s independence and silver jubilee, the library 
was opened to general public on the 1 7th .August 
1972. Several hundred visitors including the students 
of local schools and colleges visited the library. 
new' brochure on I’ocklai was printed and distri- 
buted gratis to mark the occasion. 


Book Preservation 

\ new book-preservative “Hallistol” and a lea- 
ther-preservative, “Kaslo”, sent by a commercial 
firm were tried. “Ballistol” was effective against 
booklice and silver-fishes. 

Varnishing of the spine and top j>ortions of the 
journal volumes with a mixture of Gammexane and 
creosote was moic effective against rodents than 
Paris-green, as was previously applied. 

Library Statistics 

Books added during the ycai 112 

Periodicals and Journals 1694 

Pairiphelets & Bulletins 666 

Photo copies - 3 

Reprints - 2 

Maps 1 

Microfilm 2 

Publications consulted in Lil)rary 1440 
Publications issued to Departments 76.3 

PUBLICATIONS 

I’he activities of the publication unit continued 
to increase during tlu* year. 4'he correspondence 
on I’ocklai publications from mcmbeis and non- 
members of' 4’. R. A. increas(‘d considerably tlue to 
increase in sul)sci ibers. 

I'hc following publications were issued from 
Loi’klai : 

(Ij Two & A Bud Vol. 19, .\os. 1 and 2. 

f2) Tea Encyclopaedia Serial 

No. 62/1 Nickel Uholoride and ( lopper 
fungicide Spraying against Blis- 
ter Blight .AnumdineiU Slip. 

3 ; Advisory Leaflet 

No. f) Potash Manuring in Wh'st Bengal 

By VV. J. (lri( (‘. 

( l i Advisory Bulletins 

N'n. 1 Planting Ualendai for the Dooars 

cN ferai- By W. |. (nice and 
S, Ikwo. 
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No. f) Some EHicicnt & Economical 
Herbicide Cocktails for use in 
lea By S. K. Dutta & B. C. 
Barbora and its addendum by 
Director. 

(5) Miscellaneous Reports 

I’.R.A. Annual Scientific Report for 1971-72. 

Memorandum No. 29 ‘Some Ck)mmon Weeds 
of the l ea Estates in North-East India’ By A. C. 
Dutta. 

Engineering Develoj^ment Department’s Report 
for the Qiiarter ending 3()th June 1972 (Circu- 
lation restricted). 


Engineering Development Department Report 
for Qiiarter ending 30th September 1972 ( C’ir- 
dilation restricted). 

Engineering Development Department Report 
for Quarter ending 31st December 1972 (( ir- 
culation restricted). 

Proceedings of the I wentyfifth 1 ocklai C^onference 
held on 16th, 17th and 18th November, 1971. 

Amendment Slip for J. T. A. Memorandum No. 
26 “Diseases of tea and associated crops in north- 
east India.” 

Amendment Slip for Wall-chart— Recommend- 
ations for control of Pests and Diseases of tea & 
shade trees with power Sprayers— March, 1972. 
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Appendix-A 

IJSr OF EXPERIMENTS CONDUCTED IN THE MEMHER KSFAIKS 

BY 

THE ADVISORY DEPARTMEM' 


SOUTH BANK, ASSAM CACHAR, ASSAM 





Year 






Project 

Site 

Index 

of starting 

Projc'c t 

Site 

Inch 

X Year of starling 

,\PK Manuring; 

Murrmuia 

AS 11* 

1950 

Rehabilitation uf land 

Koomber 

- - 

C 25* 

1904 


SynUta 

AS 34* 

1900 

NPK Manuring 

Isa Bheel 


C 20* 

1900 


Katonihai i 

AS 44* 

19(i3 


Hattikhira 


C 27* 

1900 


Hunwal 

AS 51* 

1904 


Longa i 


C 28* 

I90f) 


Dirok 

AS (33* 

1905 







( ihillidarv 

AS 88* 

1968 

N it rogem )us fert il i/.er 

Pallorlmnd 


C 29* 

1900 


Hunwal 

AS 92» 

19(i9 


Dewan 


C 30* 

1900 


Harooeharai 

AS ‘18* 

1970 

Phosphatie fertilizer 

f 'handighat 


C 37* 

1972 

NPK Manuring with 

Doom Dooiua 



Pruning 

Pallorbund 


c: 33* 

19()7 

< irainoxone 

l ea Co. 

AS 95A* 

I9(i9 


Dei bv 


C 35* 

1908 



AS 95B* 

1909 






Nitrogrnovis I'eitilizer 

Sveotta 

AS 56* 

1904 

Shade and Manuring 

Koomber 


C 30* 

191)8 


Sagmoolea 

AS <)2* 

1905 







Joonktollee 

AS (i4* 

19(i() 

Soil Climatological 

Cooinbergrain 


C 20 

1902 


Furkating 

AS r>9* 

1900 

Survey 






Halinirah 

AS 71* 

I960 

_ 








Joonktollee 

.VS 82* 

1967 







llarooeharai 

AS 99* 

1970 

DOOARS AND TERAI, WEST BENGAL 


Niirogenous iVi tili/.rr 

Cinnaiuara 

AS 77* 

190(> 






Vs liming 

Meleng 

AS 78* 

1960 






Pruning 

Dufhaiing 

AS 84* 

1957 







Margherita 

AS 97* 

1969 

Project 

Site 

Ind 

ex 5 ear 

ol starting 

Plucking 

(!innarnara 

AS 100* 

1971 






jat and Clonal 

Tyroon 

AS 89 

1968 

Rehabilitation of land 

nhogolj)ore 

D 

27 

1904 

Trial 

In Toon 

AS 9(i 

1909 


(irassmorc- 

I) 

28 

19(i4 





Nitrogenous 0 rtili/er 

Haradiglii 

D 

33 

1906 

NORTH BANK, 

ASSAM 











Pruning 

Chuapara 

1) 

2* 

1955 



.. 

. 




Haradiglii 

1) 

1* 

1959 




Year 


Sam Sing 

D 

31* 

1900 

Project 

Site 

Index 

of starting 










Irrigation 

( iopalpur 

1) 

35* 

190() 

_ . - - - 

- . . 

— 

— 


Ranirherra 

D 

30* 

1968 

NPK Manuring 

Ananda 

AN 93* 

1909 


firrihannab 

I'R 

1* 

1908 

Nitrogenous fertilizer 

Nahorhahi 

AX .59* 

1904 







Hatigar 

AN 91* 

1969 

Cnllivation and 

( lluiapara 

1) 

12 

1970 


Ananda 

AN 94* 

1969 

Weed Control 









Soil C’liinatologic al 

N\a Syh'c 

D 

24 

1902 

Nitrogenous fcTtilizer 

( iingia 

.\N 80* 

1960 

Sur\c-v 





\’s Liming 




Shade 

N\ a S\ l«‘e 

1) 

9 

1958 





Infilling 

Jainti 

1) 

41 

1969 

High Potash appli- 

I’inkharia 


1967 


Fagu 

1) 

37 

1969 

■< aiion 

Dufflaghur 


1967 


llilla 

D 

:i9 

1909 






Dent Dima 

1) 

40 

1969 

Pruning 

Phulbari 

AN 58* 

1964 


Sahabad 

FR 

4 

1909 


Kolonv 

AN 76* 

1966 


Mohnrgong iK: 

TR 

3 

1969 






( iiilma 




Plucking 

Tarajuli 

AN 10 1 

1972 







Dhulapadung 

AN 102 

1972 

Rejiuenalion I'rial 

1 )algaon 

I) 

13 

1972 






Matelli 

1) 

44 

1972 

Irrigation 

Sessa 

AN 61* 

1905 


Kilcof 1 

1) 

4.5 

1972 






Rydak 

D 

4fi 

1972 

(ailtivaiion and 

Halein 

.\N 31* 

1900 


( tungarani 

FR 

5 

1972 

Weed Control 





Kuinlai 

D 

47 

1972 
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DARJEELING, WEST BENGAL 


Project 

Site 

Index 

Year of 
starting 

NPK Manuring 

I'umsong 


22* 

1965 


Sungma 

Hj 

23* 

1965 

Nitidj^enons ten iliziT 

Idngia 

i>j 

Dj 

29 

1967 


Singell 

26* 

— 


Mary bong 

Hj 

28* 

— 

1 ligh level potash 

Mai ybong 



1970 

Pruning 

Lingia 

»>j 

21* 

1963 


Phoobseiing 


24* 

1965 


( >oonUe<- 
Margaret’s 

Di 

23* 

1966 


Nope 


27 

196() 

Plucking 

Mini 

Dj 

18* 

1961 

Soil Climatological 

Nagri Fann 

i>i 

19 

1961 


SlKHTy 

* h>xp<‘i iincnls disbanded end 1972 
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Lisr ()I KXPERIMEM'S CONDIJCI ElJ IN THE MEMBER ES I AIES 

BY 

I'HE (>1 HER DEBAR I’MEiM’S 


BOTANY DEPARTMENT 


SI 

No. 

Experiment 

Location of Estate 

Site ( r. E.) 

Index 

No. 

Year 

starting 

1. 

'I’rial of biclonal seed stock 

.South Bank, Assam 

Kakajan 

AS 20b 

19bG 

2 , 


North Rank, .\ssam 

.Nahorani 

AN 202 

l%3 

3! 



Sonabheel 

.\N 203 

I9G4 

4. 


Dooars, West Bengal 

Bhatkavva 

1) 201 

19G2 

5. 


Bhatkawa 

1) 20(i 

19G5 

<). 


,, 

I lantajrara 

D 202 

19G4 

7. 


,, 

Meenglass 

D 203 

l9tH 

8 . 


,, 

Rydaiv 

!) 205 

19G5 

9. 


I’erai, W est Bengal 

Mansqna 

I R 200 

19G8 

19. 


Darjeeling, West 
Bengal 

Mim 

Dj 200 

19tii 

II. 



( iing 

Di 201 

19(r'> 

\ 2 . 

Observation plots of biclonal 
progenies 

South Bank, ,\ssam 

.\bho\ jan 


19G9 

13. 


,. 

Duklingia 


19ti3 

14. 


Norih Bunk, Assam 

Nonaij)ara 


l9G(i 

15. 


Dooars, West B<-ngal 

Meenglass 


19GH 

lb. 


Sikiin 

Kewzing 


19()9 

17. 

Plucking experiment 

South Bank, .\ssam 

Duklingia 

.\S 208 

1971 


ENTOMOLOGY DEPARTMENT 


Si. Exp<‘rifn<'ni 

No. 


Local ion of I'.stalc 


Site (1 .1',.) Index No. Year 

stalled 


I, Abundance »)( pink aiKl South Bank, Syrotta N 7 

purple mite on younif Assam 

and mature tea, 

Falliativr niilr trial — 

(Red spider) 

Red msl trial ~ 

Distrilnilion f)f pink „ S<h klatinga N 7 

and puri)le mile imd( r 
shadid roiulitioi) 

Pallialive mit<‘ trial 
(Red spider) 

,\bundan( e ol pink and 
purple mite on pruned and 
skifTi'd lea 
Black rot trial 


l‘)71 


1<171 


1971 

1972 

1971 


( »4 ) 


Bokahola 6l 
Na^adhoolie 


N 7 



Annual Scientu k: Report For 1972-73 


No. 


Lot ai ion of Lsiate 

Site ( r. K.) 

Inde.\ \o. 

\'ear started 

L 

Distribution nl rcil sjiidcr, 
spid(T, scarlet, pijik and 
IJiirplc mite on clones and jais 

South Bank,* 
Assam 

Deha 

N 7 

1971 


lb ophyhn lie mite trial (Red 
sjiidei ) 

5» 


— 

1972 

f). 

In( itl(‘ne(‘ ol sf arli t, pink and 
jmrple mit<' on clones and jats 

tlacbar, 

Assatn 

Longai 

N 7 

1971 


Abuiulamc of scarlet, pink 
and ptirpl<‘ mite on pruned, 
lit'bt skilfed and (l<-ep skifre<l te; 

- 

Long.'ii 

\ 7 

1971 

7. 

Susceptibility ol pruiu'd and 
d<M‘p skilled l<‘a to starlet, 
pink and j)ui|)l(‘ mile 


Daltikinra 

X 7 

1971 

». 

l‘ink and puiple mile 
on j)Uinetl and skilled lea 

Douais. 

W . Bengal 

R.anit ben a 

N 7 

1971 


Distribution of pink and pur> 
pl<' mile under sliatled ( ondi- 
1 ion 



N 7 

1971 

l(». 

Kelat i\ <• sus( epi ibililN ol clones 
and jais to |)ink ami pur|)le 
mite. 


o 

N 7 

1971 

1 1 . 

1 )isli ibulion of pink and purpb 
mite und< r sbad<-d eojiditiori 

Dat jeeling. 

W . Bengal 

Nagri 

N 7 

197 1 

I'.'. 

Pink and purpl*- mile on 
pruned and skilled lea 


Nagri &. 

I'ukdah 

\ 7 

1971 

i:l 

Kr-d s|)ider (Pallialixe) 

>S(tuih B.rrrk 

Delia 


1972- 

11 . 



Hoobrrigotrrie 


1972 

If). 



tlinnainara 


197:l 

!(.. 


( '.acliar 

.Serispore 


197:k 

17. 

Scarb t mit<‘ 

.Sitirih Bank 

Socklatinga 


1972 

111. 


( 'achar 

Buinie Braes 


1972 

U). 

S( ale inset 1 

I )ar jeeling 

Happy N’alley 


1972 

20. 

1 .(toper ( ’.alei pillar 

Sotiili Bank 

,\agatlhooIi<' 


1972 

21. 

1 er ruile trial 

Xortb Bank 

rar.ajirlie 


1973 

22. 

R< (1 botvr 


1 )urrung 


I97;i 

2:1. 

'I'l'i mile 1 rial 

.S(tnib Bank 

l\(blioian 


197;k 

21 . 

Plat k t o! 

- 

.Nagatiboolie 


1972 

2 'i . 

Red tiisi 


1 )eba 


1972 

20. 

Plisler blight 

Darjeeling 

Bannockburn 


1972 

27. 



IMioobst ring 


1972 





loCKLAI Kx1»KR1MEXTA1. STATION 


MYCOLOGY 


SI 

Expfriiiifnl 

Location of site 

Site ('J'. L.) 

Index 

.No. 

5’car 

No. 





St ai led 

1 . 

I'o compart" the effect of 

South Bank 

Konikar 

MR 

DOB 

1072 


application of a standard 
copper formulation in 4 


Dallim 





rounds at difl'ert-nt lime 
interval. 


Deha 

MR 

OKI 


2. 

Nl*K. manui ini> and its cHet t 

Darjeeling, 

Simgma 

MC 

004 

10(ib 


on the incident e of tht)rny 
stem hliglit (Collaboration : 

\\ (‘st Bengal 






Darjeeling Advisory Branch) 






4. 

High level potash and thorny 

Darjeeling, 

Marrybting 

MC 

00.5 

1072 


stem blight 

West Bengal 





1 . 

.Vpplication of a sysieinie 
fungicide against thorny 
stt-m blight 

M •> 

Baiasuu 

MC 

( ){).■) 

1070 


Screening of chemicals again.st 
black rot. 

North Bank 

Ananda 

Mb 

000 

1072 


Eflicient y of .spraying against 
black rot 


( dioirallie 

MB 

002 

l9t)M 

7. 

Contrt)! against purple root 

,, ,, 

Bagluuai i 

MB 

(101 

I0(..5 


STATISTICS DEPARTMENT 


SI. 

No. 


1 . 

2 . 

3 . 


SI. 

No. 


1 . 

2 . 

4 . 


Project 

Site ( r. 1 


Index .No. 5’ear 




started 

Ibuformity trial 

Bokahola (South Bank, Assam) 

i0():i 

Ihuformity trial 

Nagri Larin (Darjt'cling. W. lO ngal)* 

lObl 

Long t<‘rm deft*liation 

Nya Sylec (L)ouai s, \N est Bt ngal ) 

I0(i:i 

fxperiment 

Bhogtupore 

( ., ) 

Pib:i 


Jiti 

( - ) 

lOba 


Hope 

( «> <. ) 

lObJ 

- -- - - 

Km ti 

( •. ) 

io(>;; 

ENGINEERING 

RESEARCH & 

DEVELOPMENT 

DEPARTMENT 

l^xperimenl 

Index No. 

l.ocalitni of estate 

Site 'I'ea L.stale 

4B" Disc Roller 

L. 2 

.South Bank, Assam 

Heel«"akah 

Leaf Si/.er At( aehnient 

L. 2 

•Sooth Bank, .\ssam 

Cinnamai a 

-do- 

L. 2 

Dooars, W. Bengal 

Meenglass 

Manual Plucking .Vid 

K. a. 

South Bank, .\ssam 

Borbhetta 
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Appendix-C 


Published papers and papers in the Press 

1. IJancrjec, B. (1972) Krlosion and ovijiosition 
rhythms of Andraca hipunciala W’lk (Bomljycidac : 
Lepidoptna) with a model lor determining theor(‘ti-, 
eal moth densities from eclosion rale. Indian J . Ent.^ 
3:5 :4; 4I1-41B. 

'Abs. Kelosion and o\ij)osition ol tli<‘ moth 
Atidraai hipundala lollow specilie rhythmic 
patterns with fixed time (or activity during 
a 24-h()ur cycle. Moths em(‘rge throughout 
the night, but with high Irecpiency at both 
dawn and dusk. Oviposition is at rtiaximum 
between 20.47 hr Solar 4'ime. .\ common 
reatur(‘ in l)olh llie bt'haviour patterns is their 
complete absene(‘ during the day-light hours. 
Iw losion and ovi[)osition lollow daily rhythmic 
pattern inesperti\e of fluctuations in light 
and elimalie I’aetors in diHercnt seasons. It 
is suggested that these rhythms are responses 
to an endogenous bioligieal clock. 4’he mod(4 
l()r determining theoretical nKUh densities 
a[)piopria(ely predicts the moth density for 
an\’ .sampling day, pro\id(‘d eclosion is conti- 
nuous.; 

2. Banerjee, B. (1972; .New coiH'epis in tea pest 
control : objective and pei sp('ctive. /V. Jr. noric., 
50:1; 9 10. 

(Abs. rhe ecological |)roblems associated with 
long term control ol lea pests are discussed. 
It is suggested that by relining the techniques 
of pest management, beltei* and ellicient means 
for (ontrolling ])ests can be developed.) 

3. Be/baruah, H. l^ (iogoi, S. (.. (1972) An 
inlers|jecilic hybrid between tea iCanndlia .sinnisis' 
1..') and C. japonicn L. Erve. Indian Acad. Sri., /h : 
219-^220. 

(.\bs. A single staxlling produced by crossing 
a tetraploid tea ( anul ha si nt’n.as {2u -~ 60} 

with C. japonica d2n M)) resembled some of 


the Ihina-hybrids” and Gambod varieties 
of lea in cultivation. J’his suggests that natural 
hybrids betw'cen the tw^o species must have 
occurred in the past). 

4. Ullah, M. R. (1972.) A simplified Speciro 
photometric method for measuring I'heaflavins 
and 1 hearubigins in Blaek Tea Liquors, (,'urr. 
Sri., 41 (11) 422. 

(Abs. l'h(‘ two groups of colourcxl substances, 
theallavins ( l l*’) and thearubigins 1 I’Kj of 
black tea arc- considered to be responsible for 
the colour, stiength, briskness and 
of tea liquors. .\ knowledge ol their quantities 
in tea liquors therefore, aitls in the a.ssessment 
of blac:k teas. 4’he mc-thod for their quanti- 
tative* estimation involves the partition of the 
lea liquor into organic (If) and aqueous 
I LR; phasc-s and use of sodium bicarbonate 
for removing left ovc*r IR from the organic 
phase. Sodium l)icarl)onale being unstable in 
a tropical climate, have delet(‘rious effects 
on the colours and stands in the way of tlie 
reproduction of results. In the simplified 
method, the J I*' and I'R are together nuxtsured 
directly in the lea liejuor itself. I he* 11^' alone 
is measured in the ethyl aec-tate extract of the 
liquor in which the I R are fixed with disodiuin 
hydrogen phosphate. 1 he method serves the 
purpose fc^r routine analysis of black tea sampic‘s 
with c-ase of opc-rationj. 

5. Banerjee, B. Phenology and spatial distribution 
of the mounds of Odontotennes redemanni ( \\'asmann). 
Ins. Soc. Paris. (In the* press; 

f). Banerjc-e, B. Some* cjuc'siions in j)o))ulation 
c'cology. In Sirifw Piornat/winatics In the press). 

7. Banerjee, B. The distribution and population 
cycle of the rod spider mite, Oligonychus cqffeac (Nie- 
tner) on tea. Bull. Ent. Res. (In the press;. 
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"rocKLAi Experimental Station 


8. Bancijcc, B. I’ho Breeding biology of Poly- 
(lesmus m^uslus Latzel Norsk. Knt. Tids. (In the press) 

9. Barua, D. N. & Saikia, L. R. (1972) Stock- 
sci(ai compatibility in tea. J. horl, Sd. (In the Press) 

10. Barua, D. (1972) World Population and 
Food Supply. J. Assam Sci. Soc., XV^ 11.5-124. 

11. Barua, D. X. (1972) IVa {(iamellia sinensis L.) 
For F. A. O. Hand Book on Plant Introduction 
(In the Press . 

12. Biswas, A jit K.., Saikar, .\rup R. <S: Biswas, 
Asim K. Biological and C’.heniical Factors .MFect- 
ing the Valuations ol' North-East Indian Plains 
Teas. HI.- Statistical evaluation ol' the biochemical 


constituents and th(*ir efrccts on colour, brightness 
and strength of black teas, J. Sci. Fd. Aifric. (In the 
press) 

IT Hadheld, W. Shade in N. E. Indian Tea 

plantations. 1. I'lic shade pattern. J. nppl. EcoL 
(In the press) 

14. lladlield, W. Shade in N. E. Indian lea 

plantations. II. I’oliar illumination and canopy 
characteristics. J. oppl. Ecol. (In the press) 

1.5. Hadheld, W. Sliade iit N. !■). Indian lea 

plantations III. Leaf temperatures of tea plants 
in N. E. India. J- Ec(d. (In the pre.ssj 
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Appendix-D 


Summary of meteorological observations during 1972 
Table 1. Tocklai (Mid Assam) 


Latitude : 2G®47'\ 


LonjLfitudr : 94°12' K 


Altitude : %.5 metres a.m.s.l. 


Dailv trnip<‘raunr ^(1 

Month - - ' 

1972 



Mean 

Mean 

.Vl<‘an 

1 fi ghost 

Lowest 


max. 

min. 




january 

22. b 

11.8 

17,2 

24.. 3 

8.3 


(22.4) 

(9.3) 

(13.8) 



I’ebniai y 

23. 1 

12.7 

17.9 

2b. 8 

7.3 


(21.1) 

(11.8) 

(18.0) 



March 

27.1 

lb. 8 

22.0 

1 . 3 

13.3 


(27. .3) 

(13.4) 

(21.1) 



•Apt il 

2.'). 1 

18.8 

')'> I 

::i.o 

13.8 

(28.7) 

(18.9) 

(23:8) 



May 

28.7 

22 . r 

23.4 

33.8 

18.3 


(29.9) 

(21.8) 

(23.8) 



June 

31. (i 

24. (i 

28.1 

33 .<) 

22. 1 


(31. a) 

(24.1) 

(27.8) 



July 

32.2 

23. t) 

28.9 

Mi. 1 

23.8 

(32.2) 

(24.3) 

(28.1) 



August 

32.8 

23.2 

29.0 

33.3 

22. b 


(32.0) 

(24.3) 

(28.2) 



September 

30.1 

21 . 1 

27.2 

34.0 

22.8 

(31.3) 

(23.8) 

(27.3) 



Oclolter 

29 . .") 

21.3 

23.4 

32. b 

17.7 


(29.3) 

(20.9) 

(2.3.1) 



Novcmlx'f 

27.1 

13.2 

21.2 

29.1 

12. 1 


(2b. 2) 

(13.1) 

(20. b) 



1 )e< ember 

23.9 

11.3 

17. {> 

28.8 

8.3 


(23.4) 

(10. b) 

(17.0) 




Daily soil leinperafure ^’(1 Monthly 
Raintall Daily (under grass) Kvaporation 

- - — sunshi- - ^ 

Day ne in Depth Open Penr 

monthly with hours - — pan in in m 

in nun 0.03 5 cm If) cm 30 cm miu 

mm and 
above 


33. ti 

5 

b.O 

18.7 

18.6 

19.4 

.36.7 

fi(J 

(21.5) 

{•'^) 

(5.8) 

(18.8) 

(18.2) 

(18.9) 



40.3 

10 

b. ) 

19.5 

19.2 

19.8 

48.5 

81 

(32.3) 

(7) 

(b.2) 

(20.5) 

(19.8) 

(20.2) 



70.7 

10 

7. 1 

23.8 

23.2 

23.3 

85.8 

1,27 

(81.4) 

(11) 

(b.b) 

(24.0) 

(23.0) 

(23.0) 


3.3<).8 

23 

4.8 

24.8 

24.4 

24.0 

77.4 

1.20 

(1,87.8) 

(lb) 

(5.9) 

(27.0) 

(25.8) 

(25. b) 



2,95.1 

24 

3.9 

28.0 

27.2 

■>7 ') 

82.6 

1,35 

(2,83.4) 

(20) 

(5.0) 

(28.7) 

(27.7) 

(27'.?,) 



4,7b. 4 

21 

4.9 

30.6 

30.0 

29.8 

1 .03 . 3 

1.54 

(3,27.7) 

(23) 

(4.3) 

(30.6) 
31. (i 

(29.6) 

(29.1) 



3,2b. 7 

23 

3.b 

31. <; 

31.0 

1,03.6 

1,4b 

(3.84. b) 

(25) 

(4.7) 

(31.4) 

(30. b) 

(30.41 



4,0().8 

19 

b.8 

32.0 

3l.fi 

31.4' 

1.11.2 

1.79 

(3,4 l.b) 

(23) 

(5.0) 

(31.4) 

(30. b) 

(30.5) 



2,07. b 

21 

1.8 

30.0 

29.8 

29,9 

70.8 

1,29 

(2,.53.8) 

(19) 

(5.0) 

(31.0) 

(30.2) 

(30.2) 



l,32.b 

9 

b.l 

27.9 

27.9 

28.2 

68. <i 

1,19 

(L17.b) 

(12) 

(5.6) 

(28.4) 

(27.8) 

(28.2) 



2.b 

') 

7.1 

23.4 

23.4 

24.2 

48.0 

83 

(27.8) 

(0 

(b.l) 

(24.0) 

(23.(>) 

(24.5) 



11. b 


6.4 

19.1 

19.3 

20.1 

35.0 

(i2 

(10. .5) 

(;^) 

(6.0) 

(19.9) 

(19.(>) 

(20. b) 




Per cent Relative humidity 
Table 1(a). Tocklai 


I lours ol' 


<ihse! vat ions 

L s. r. 


Feb. 

Mareh 

April 

Mav 

June 

,l«'iy 

Aug. 

Sept. 

()( t. 

Xov. 

D.e. 

0613 

94 

!)2 

89 

92 

9‘^ 

91 

9:> 

91 

93 

94 

95 

95 


(97) 

(95) 

.5.5 

(92) 

(91) 

(‘)3) 

(93) 

(93) 

(94) 

(95) 

(97) 

(97) 

(97) 

1313 

(il 

55 

72 

7.3 

72 

73 

68 

74 

70 

59 

55 


(57) 

(31) 

(34) 

(62) 

(71) 

(75) 

(75) 

(7.5) 

(74) 

(72) 

(64) 

(60) 


Note : (i) Data in Inatkels show pri'vious averages. 

(ii) Soil t<'mperatuiT at dilTerenl depths arc the mean of morning and alternoon readings. 

(iii) IVmnan in mm means Penman estimate of evaporation from an open water surface. 
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Tocklai Experimental Station 


Summary of meteorological observations during 1972 
Table 2. Silcoorie (Cacbar) 


liiude : 24' ^50' X 


l^mgitLidc : ‘)2°48* 


Altitude : Ul.ti metres a.rri.s.I. 











Daily soil temperature °C 

Monthly 



Dady temperalurc 



Rainfall 

Daily 

(under grass) 

evaporation 





— .. . — 

. 




sttnshiiK' 







— 








Day with 

in 


Di'pth 


Open 

Penmai 


Mean 

Mean 

Mean 

I lighest 

lanvest 

monthly 

0.03 rnm 

hours 



— 

pan 

in 


max. 

mill. 




in mm 

and above 


5 ( in 

1 5 cm 

50 ( in 

'll mm 

mm 

ry 


11.9 

19.2 

28.1 

8.9 

0.0 

0 

8.0 

22 . 1 

21,4 

22.5 

tiO . 5 

81.2 


(25.9) 

(10.9) 

(18.4) 



(21.5) 

( 2) 

(8.0) 

(21.5) 

(20.6) 

(21.4) 



lary 

2(') . 0 

11.9 

19.0 

29.7 

7.5 

50.. 5 

3 

8.0 

22.0 

21.0 

22,2 

65.0 

1,00.5 


(27.5) 

(12.9) 

(20.2) 



(52.6) 

( 4) 

(8.1) 

(25.2) 

(22.0) 

(22*4) 



h 

51. :i 

15.5 

25.1 

55.1 

9.4 

88.9 

8 

8.7 

27.2 

25.7 

2(>.2 

J 

1,52.5 


(50. 7> 

(10.5) 

(25.6) 



(1,05.9) 

( 7) 

(7.9) 

(2t».9) 

(25.4) 

(25.4) 




29.9 

19.2 

24.6 

51.<i 

16.1 

4,54.7 

23 

7.2 

27.8 

26. (. 

27.0 

! 

1,.55.9 


(52.0) 

(20.5) 

(26.2) 



(2,24.4) 

(13) 

(7.7) 

(29.5) 

(28.0) 

(28.0) 




51.5 

22 . 0 

26.8 

55. 1 

18.5 

3,89. 1 

18 

7,1 

50.5 

29.0 

29.0 

1,57. 1 

1,80.8 


(52.0) 

(22.8) 

(27.4) 



(3,71.1) 

(19) 

(6.6) 

(50.6) 

(29.4) 

(29.4) 




51.2 

25.5 

27.4 

55.9 

21.4 

6,69.6 


1.8 

5.0.8 

29.8 

29.6 

1,47.9 

1,47.6 


(31.G) 

(24.5) 

(28.0) 



(5,89.6) 

(25) 

(4.1) 

(50.6) 

(29. t.) 

(29.6) 




52.5 

24.8 

28.6 

57.5 

23.5 

4,84. (i 

28 

1.5 

52.0 

50.9 

51.0 

1,09.)) 

1,54.6 


(52.1) 

(25.0) 

(28.6) 



(5,33.8) 

(27) 

(4.1) 

(51.1) 

(50.1) 

(50.4) 



st 

52.9 

24.0 

28.4 

55.1 

22.9 

4,21.5 

■)•) 

5.5 

52 . 2 

51 .0 

51.0 

1,20.5 

l,ti0.5 


(52.1) 

(21.9) 

(28.5) 



(4,40.2) 

(25) 

(1.7) 

(51.4) 

(50.6) 

(50.)>) 



niber 

52.7 

25.7 

28.2 

57.1 

21.7 

2,01.4 

15 

(). 7 

52 0 

50. <) 

:;i .0 

1,25.7 

1,51.0 


(32.5) 

(24.5) 

(28.4) 



(3.46.6) 

(18) 

(5.7) 

(51.2) 

(50.4) 

(50.5) 



her 

52.1 

21. 8 

27. 1 

55.1 

18.5 

l,81.(i 

9 

. 8.5 

51). 1 

29.5 

29.0 

1,00.5 

1,18.3 


(51.1) 

(22.4) 

(26.8) 



(2,23.3) 

(11) 

(6.4) 

(29.4) 

(28.8) 

(2‘).0) 



inbrf 

50.0 

18.2 

24.4 

52.5 

14.1 

0.0 

0 

8.4 

27.)) 

2);. 7 

27.4 

85.6 

1,11.7 


(29.1) 

(10.9) 

(25.0) 



(22.9) 


(7.9) 

(25.8) 

(25.1) 

(26.0) 



tuber 

27.8 

11.9 

19.8 

52.1 

7.7 

0.0 

0 

8.5 

25.7 

22.<) 

24.5 

92.4 

84.6 


(20.9) 

(12.5) 

(19.7) 



(7.3) 

(1) 

(8.0)* 

(22.7) 

(22.2) 

(25.0) 




Per cent Relative humidity 
Table 2(a). Tocklai 


lours of 
rvations 
. S. T. 

January 

February 

March 

April 

Ma\ 

June 

.July 

August 

Sepo-mbet 

( )( tobi't' 

.November 

Dec« mher 

1619 

99 

9<1 

94 

92 

90 

93 

<18 

95 

92 

91 

97 

99 


(98) 

(96) 

(93) 

(91) 

(91) 

(95) 

(95) 

(96) 

( 95) 

(9b) 

(97) 

(98) 

319 

49 

44 

41 

63 

67 

76 

79 

73 

)’)9 

);5 

>:> 

4() 


(46) 

(43) 

(43) 

(55) 

(67) 

(76) 

(75) 

(74) 

(71) 

(68) » 

(50) 

(49) 


Note ; (i) Data in brackets show previous averages. 

(ii) Soil temperature at different depths arc the mean of morning and afternoon rt adings. 

(iii) Penman in mm means Penman estimate of evaporation from an open water surface. 

(iv) ? indicates data not available. 
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Annual ScjENTinc Report For 1972-73 


l.atilude : 

Month 

1972 

January 

February 

Marrii 

April 

Mav 

June 

Julv 

Aiiynist 

Scpioniber 

(^rlolxf 

Novr'mber 

Dec cujbrr 


Hours of 
ol)Survalions 

I. S. T. 
()(;34 
l.TH 


Summary of meteorological observations during 1972 
Table 3. Nagrakata (Dooars) 


Longitude K Altiiudr : 22H.b metres a.m.s.l. 


Daily soil temperature Monthly 

Daily temperature (1 KainfaJl Daily (under grass) evaporation 

- - — sunshine — — 


Wv.iu 

M(“an 

Mean 

High<st 

la)west 

monthly 

Day with 
0.03 mm 

in 

hours 


Depth 


Open 

pan 

Penman 

in 

max. 

2-1 . 1 

min. 

11. () 

10.0 

25. <) 

10.0 

in mm 

O.ti 

and above 

9 

7.5 

5 cm 

19.2 

15 cju 

19.0 

30 cm 

20.2 

in mni 

80.0 

mm 

71.0 

(23. h) 
22. H 

(10.3) 

ll.H 

(17.0) 

17.3 

27. () 

7.0 

(12.2) 

31.0 

( 

t) 

(7.9) 

5.8 

(18.1) 

18.9 

(18.2) 
19. -1 

(19.5) 

19.8 

72.0 

82.9 

(2-).(.) 

:ui.() 

(12.9) 

17.1 

(19.2) 
23. () 

34.4 

12.1 

(19.0) 

15.2 

( 

1 

(7.7) 

7.ti 

(20.2) 

25.7 

(19.8) 

24.8 

(20.0) 

24.3 

1,52.4 

1,45.8 

(2‘L2) 

2').H 

(10.3) 

19.2 

(22.8) 

21.5 

32.0 

1 l.() 

(40.0) 
1,99. I 

{ .'>) 

1.3 

(7.7) 

7.7 

(23.8) 

20.9 

(23.9) 

20.0 

(23.0) 

20.2 

1,52.9 

1,01.4 

(31.1) 

30.2 

(20.0) 
22 . 5 

(25.0) 

20.-1 

33.0 

19.0 

(INO 2) 
7,15.8 

(II) 

>2 

(7.2) 

0.1 

(20.8) 

28.4 

(20.2) 

27.8 

(20.4) 

27.9 

1,49.() 

1,05.9 

(30.9) 

30.5 

(21.0) 

23.3 

(20.2) 

20.9 

35.0 

21.0 

(3,00.2) 

8,88.8 

(19) 

99 

(0.7) 

1.3 

(20.4) 

28.7 

(27.0) 

28.0 

(27.9) 

20.8 

1,U().7 

1,14.9 

(30.3) 

2<i 0 

(23.3) 

') 1 ) 

(20.0) 

27.0 

35.4 

22 . 5 

(8,89. 1) 
15.(i3.3 

(2h) 

28 

(3.8) 

2.8 

(28.0) 

28.5 

(28.0) 

28.0 

(28.4) 

28.8 

1 .03 . 9 

1,24.9 

(30.1) 

31.1 

(23:B) 

23.0 

(27.1) 

27.4 

33.0 

22.1) 

(10,13.0) 

8,79.5 

(27) 

24 

(3.5) 

1.8 

(29.1) 

28.8 

(20.3) 
28. ti 

(28.7) 

28.1 

1.12.5 

1,50.4 

(30.5) 

30.7 

(23.7) 
22. () 

(27.1) 

20.0 

34.-1 

19. 1 

(7.07.3) 

0,98.?) 

(28) 

19 

(4.0) 

5.0 

(29.2) 

20.0 

(20.8) 

20.3 

(29.0) 

27.2 

1,07.0 

1,28.9 

(30.(0 

29.5 

(22.9) 

20.2 

(20. <3) 
24.0 

33.5 

17.5 

(5.11.3) 

2,41.5 

(22) 

13 

(5.2) 

t».5 

(29.0) 

20.0 

(28.9) 

27.3 

(28.9) 

27.1 

99 . 0 

1.20.9 

(29.0) 
27. () 

(19.3) 

15.0 

(24.0) 

21.3 

30 . t) 

12.5 

(l,97.<i) 

8.2 

(10) 

2 

(7.9) 

9.1 

(20.0) 

23.0 

(27.2) 

23.8 

(27.2) 

24.2 

89.0 

1,00.0 

(27.2) 

24.9 

(14.0) 

11.0 

(20.9) 

10.2 

28.1 

8.4 

(11. .5) 
0.0 

( :^) 

0 

(8.0) 

8.) 

(22.0) 

19.7 

(22.9) 

20.2 

(24.0) 

21.1 

08.1 

71.0 

(24.9) 

(11.5) 

(10.2) 



(1.1) 

( 1) 

(8.5) 

(19.5) 

(19. ‘4) 

(21.0) 




Per cent Relative humidity 
Table 3(a). Nagrakata 


lanuary 

Febia\ai y 

Mai( h 

April 

May 

June 

Jnlv 

August 

September 

{ Irtober 

Nuvembei 

D«-cemb<T 

89 

80 

74 

85 

98 

93 

<17 

92 

92 

89 

82 

84 

(84) 

(81) 

(71) 

(70) 


(95) 

(90) 

(90) 

(95) 

(88) 

(80) 

(95) 

5(i 

55 

10 

50 

<i9 

77 

81 

78 

72 

()7 

52 

50 

(51) 

(19) 

(30) 

(Tl) 

(09) 

(83) 

(84) 

(82) 

(78) 

(Oti) 

(.58) 

(.53) 


Note : (i) Data in bra( kets show piTviotis averages. 

(ii) Soil teiupernture at different depths are the mean of morning and altenoon readings, 

(iii) Penman in mm means Penman estimate of evaporation from an open water surface. 
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Tocklai ExPERiMErfTAL Statiom 


Summary of meteorological obacrvationa during 1972 


Table 4* Nagri Farm (Darjeeling) 


Latitude : 26®55? N 


Longitude : 88'*’ 1 2' E 


Altitude : 1,138.2 metres a.m.s.l. 


Daily temperature ’='C 

Month 

1972 



Mean 

max. 

Mean 

min. 

Mean 

Highest 

Lowrsl 

January 

13.8 

8.3 

12.0 

18.6 

3.7 

(13.2) 

{ 7.8) 

(11.3) 



February 

14.3 

7.9 

11. 1 

19.9 

4.3 


(Hi. 8) 

{ 9.0) 

(13.2) 


10.0 

March 

21.9 

13.3 

17. i 

23.4 


(21.0) 

(12.9) 

(17.0) 


10.6 

April 

23.1 

14.8 

19.0 

23.4 

(23.3) 

(13.7) 

(19.6) 

23.8 

13.0 

May 

23.9 

17.8 

20.8 

(23.8) 

(17,2) 

(20.3) 


17.0 

June 

24.3 

18. 9 

21.7 

2<i.8 

(24.0) 

(18.3) 

(21.4^ 



Jv’iy 

24.5 

19.8 

22.2 

28.8 

18.3 

(24.1) 

(19.3) 

(21,7) 



August 

23.1 

19.0 

22.0 

27.9 

17.8 


(24.0) 

(19.1) 

(21.8) 

29.3 


September 

21.3 

17.0 

21.0 

13.3 

(24.4) 

(18.3) 

(21.4) 


11.4 

October 

23,1 

15.fi 

19.4 

27.3 


(23.2) 

(15.6) 

(19.4) 


11.2 

NovemlMT 

21.0 

12.7 

16.8 

23.6 


(20.0) 

(11.7) 

(13.8) 



December 

17.3 

9.3 

!3.5 

21.6 

ti.b 


(17.7) 

( 9.3) 

(13.5) 




Daily soil temperature ' Monthly 

Rainfall Daily (under grass) evaporation 

sunshine — - — 



Day with 

in 


r^epth 


Open 

Penman 

monthly 

0.03 mm 

hoxirs 

— 




pan 

in 

in mm 

and abov e 


3 cm 

!3 cm 

30 cm 

in mn\ 

mm 

31.0 

') 

3.3 

14.2 

12.4 

14.8 

42.3 

34.7 

(i!i.:») 

( 9) 

(6.4) 

(13.2) 

(12,5) 

(H.O) 


(i9.3 

39.9 

7 

3.9 

12.8 

11.4 

13.3 

40.3 

(16.4) 

( 3) 

{(i.i) 

(14.8) 

(i;i.(i) 

(14.6) 


1,13.6 

12.7 

2 

5.H 

18.7 

Hi. 2 

17.3 

89.1 

(r.7.f,) 

( 

(6.8) 

(18.9) 

(17.3) 

(17.6) 


1.08.8 

1,30.0 

10 

3.0 

21.0 

18.8 

19.9 

98.0 

(93.8) 

(10) 

(5.») 

(21.7) 

(20.1) 

(20.2) 



1,64.4 

18 

4.7 

23.9 

21.3 

22.2 

83.7 

1,30.0 

(2,03.0) 

(19) 

(3.3) 

(23.3) 

(22.9) 

(22.0) 


1,13.0 

2,87.3 

24 

3.1 

21.8 

22.3 

23.3 

58.9 

(4,30.7) 

rib) 

(3.0) 

(23.5) 

(23.2) 

(23.3) 



6,23.6 

29 

1.6 

2l.(i 

22.8 

24. 1 

36.3 

1.03.6 

(6,71.7) 

(27) 

(2.4) 

(24.9) 

(23.6) 

(23.8) 


1,27.3 

3,37.2 

24 

4.(; 

23.0 

23.1 

24.4 

80.8 

(4.74.0) 

(26) 

(3.1) 

(23.3) 

(23.8) 

(24.2) 


l,02.(i 

t>.07.3 

17 

3.9 

23.3 

21.7 

23.1 

63.0 

(3.03.7) 

(20) 

(4.0) 

(24.4) 

(23.3) 

(23.8) 

38.3 

97.7 

.38.8 

7 

3.3 

22.1 

20.2 

21.9 

(1.33.3) 

( 8) 

(6.8) 

(22.1) 

(21.1) 

(21.8) 

38.3 

83.7 

3.9 

9 

7.7 

17.8 

16.1 

18.6 

(11.8) 

( 8) 

(7.2) 

(18.0) 

(17.3) 

(18.7) 

49.7 

(iO. 1 

0.0 

0 

6.9 

14.4 

13.6 

13.7 

(2.6) 

( U 

(7.0) 

(14.8) 

(14.0) 

(13.7) 




Per cent Relative humidity 
Table 4(a). Nagri Farm 


observations 

1. S. T. 

January 

February 

March 

.'\f>ril 

May 

Junr 

.I»ly 

August 

Srpt ember 

October 

Novnnbrr 

Deet‘ml)jr 

0637 

73 

71 

63 

73 

84 

90 

9(i 

89 

87 

78 

(>3 

6<i 


(71) 

(70) 

(64) 

(68) 

(80) 

(92) 

(94) 

(94) 

(89) 

(76) 

(08) 

(00) 

1337 

72 

67 

37 

67 

83 

8.6 

89 

81 

86 

81 

60 

<17 


(72) 

(63) 

(61) 

(67) 

(82) 

(89) 

(90) 

(88) 

(86) 

(79) 

(72) 

(70) 


Note : (i) Data in brackets show previous averages. 

(ii) Soil temperature at different depths arc the mean of morning and afternoon readings, 
(iii ) IVnman in mm means Penman estimate of evaporation from an open water surface. 
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